USAARL REPORT NO. 76-13
VOLUME 11

COMPUTER MODELING OF THE BODY-HEAD-HELMET SYSTEM

FINITE ELEMENT COORDINATES AND COMPUTER PROGRAM
SUBROUTINES FOR A BODY-HEAD-HELMET SYSTEM

By

Wartan A. Jemian
Nan-Heng Lin

School of Engineering, Auburn University
Auburn, Alabama 36830

February 1976
Final Report

This document has been approved for public release and sale; its
distribution is unlimited.

Prepared for:
Bioengineering and Evaluation Division

US Army Aeromedical Research Laboratory
Fort Rucker, Alabama 36362




ADAO023786

Unclassified Technical Report
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT’S CATALOG NUMBER
UsSaa@ . -\

4. TITLE (and Sublmo)' 5. TYPE OF REPORT & PERIOD COVERED
Computer Modeling of the Body-Head-Helmet System,
Finite Element Coordinates and Computer Program Report for publication
Subroutines for a Body-Head-Helmet System, 8. PERFGRMING ORG. REPORT NUMBER
Volume 11
7. AUTHOR(s) 6. CONTRACT ORGRANT NUMBER(s)

Wartan A. Jemian
Nan-Heng Lin
DABT01-74-C-0231

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PRQJECT, TASK

. . AREA & WORK UNIT NUMBERS
Auburn University School of Engineering
Auburn, AL 36830

DD Form 1498
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORYT DATE
Bioengineering and Evaluation Division | ___December 1975

US Army Aeromedical Research Laboratory 13. NUMBER OF PAGES
Fort Rucker., Al 36362 A

14. MONITORING AGENZY MAME & ADDRESS(/f ditferent from Controlling Ollice) 15. SECURITY CLASS. (of thie repoct)

USA Medical Research and Development Command .
Washington, DC 20314 Unclassified

15a. DECI.ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

This document has been approved for public release and sale; its distribution
is unlimited.

17 OISTRIBUTION STATCEMENT (of the abatract entered In Block 20, il difterent from Repor:) -

18 SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side il necessary and ldsntily by block number)

Crash Helmet Computer Simulation Finite Element
Structural Analysis Inertial Properties Severity Index
Stress Field Displacement Acceleration Profile

Three Dimensional Finite Element

—

70 ABSTRACT (Conifinue an reverse side I( necessary and Identify by block number)

This report is a supplement to the basic report entitled, "Computer Modeling of
the Body-Head-Helmet System". As such, it should be used with the basic report
for maximum clarity. Nodal point coordinates and boundary conditions for a
fixed Body-Head-Helmet configuration are listed. A 3X3X3 pseudosphere head-hel-
ment configuration is also listed. A listing of service in FORTRAN calls on the
facilities and subprograms of the IBM operating system and the Calcomp Plotter.
The service listed should perform all of the operations referred to in the basic
report.

FORM ' PN
DD , A 73 1473 EQITION OF ! NOV 88 iS OBSOLETE Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data Bntored)




NOTICE

Qualified requesters may obtain copies from the Defense Documentation
Center (DDC), Cameron Station, Alexandria, Virginia. Orders will be
expedited if placed through the librarian or other person designated to
request documents from DDC (Formerly ASTIA).

Change of Address

Organization receiving reports from the US Army Aeromedical Research
Laboratory on automatic mailing lists should confirm correct address
when corresponding about laboratory reports.

Disposition

Destroy this report when it is no longer needed. Do not return it to
the originator.

Disclaimer

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorized
documents.




SUMMARY

This report is a supplement to the basic report entitled, "Com-
puter Modeling of the Body-Head-Helmet System". As such, it should
be used with the basic report for maximum clarity.

Nodal point coordinates and boundary conditions for a fixed Body-
Head-Helmet configuration are listed. A 3X3X3 pseudosphere head-helmet
configuration is also listed. A listing of service in FORTRAN calls on
the facilities and subprograms of the IBM operating system and the
Calcomp Plotter. The service listed should perform all of the opera-
tions referred to in the basic report.

Approved:

BERT W. B
Colonel, MSC
Commander




TABLE OF CONTENTS

VOLUME 1

SUMMARY. . . . . . . . e e e e e e e e e e e e
I. INTRODUCTION . . . . . . . v i s e e e e e v e e e s 1
A. Objective . . . . . « ¢ v i e i e e e e e e 1
B. Human Tolerance . . . . . . ¢« v v v v ¢ o « « 2
C.. Helmet Design . . . . . . . ¢ ¢ v v v ¢« v o o 3
D. Testing . . . . . . . ¢ . . o . it e e e e e 4
E. Simulation . . . . . . . . . . . .. . ... 5
II.  FINITE ELEMENT SIMULATION. . . . . . . . .+ .« . .. 9
A. The Structural System . . . . . . . .. .. .. 9
B. Stereographic Drawings . . . . . . . . . .. .. 16
C. Inertial Properties. . . . . . . . . .. .« .. 16
1. Nodal Points . . .« . ¢ v « ¢« ¢ ¢ v ¢ o & 16
2. Elements . . . . . . ¢« ¢ ¢« ¢ o v v o « 17
3. Centers of Gravity. . . . . . . . .. .. 17
4., Element Volume. . . . . . + v v ¢« « « « & 20
5. Element Mass . . . . . . ¢+ v v« . . . 2]
6. Mass Moment of Inertia. . . . . . . . . . 21
7. Element Group Properties. . . . . . . . . 2]

D. Static Structural Analysis . . . . . . . . . . . 22

1. Variables and Equations . . . . . . . . . 23
2. Solution and Results. . . . . . . . . .. 24
3. Accuracy and Execution Time . . . . . . . 25

E. Dynamic Structural Analysis . . .. .. .. .. 25

F. General Comments on Computer -Operation . . . . . 27

IIT. RESULTS: STATIC ANALYSIS. . . . . . . . . . .. .. 30
A. System Mechanics . . . . . . . . . . .. .. .. 30

1. Linear Deformation . . . . . . . .. .. 30

2. Relationship to Oynamic Loading . . . . . 30




System Formation and Characteristics . .

Dimensions

Mass. . . . . . ..
Inertial Moments .
Stress Field

B W -

Effect of Inner Liner Modulus

Materials Properties
Displacements . .
Skull Deflection
Stresses e e e
Work of Deformation .

P —

IV.  RESULTS: DYNAMIC ANALYSIS .

A.

Drop Test Simulation . .

The Configuration

Inertial Properties

Boundary Conditions and Inertial Loading . .
1. Loading Points
2. Ground Acceleration . C e e e e e
3. Displacement Time Trace . . . . . . . . .
4. Rotational Acceleration .

Effect of Inner Liner Modulus Variation
1. Aluminum Head Form

2. Humanoid Head Form
3. Severity Index

V. SUMMARY AND RECOMMENDATIONS FOR FURTHER WORK . .

A.
B.
C.
D.

Inertial Properties Analysis . .
Structural Analysis
Injury Parameters

Recommendations for Further Research . .

VI.  CONCLUSIONS

BIBLIOGRAPHY .



TABLE OF CONTENTS
VOLUME 11

Section I - The Fixed Body-Head-Helmet Configuration

Identity of 382 Nodal Point Coordinates and

Boundary Conditions

Section II - The 3X3X3 Pseudosphere Head-Helmet Model,

Identity of 87 Nodal Point Coordinates and

Boundary Conditions

Section III - Computer Service Listing in FORTRAN, The
Facilities and Subprograms of the IBM
Operating System and Calcomp Plotter




SECTION I

THE FIXED BODY-HEAD-HELMET CONFIGURATION

1. NODAL POINT COORDINATES AND BOUNDARY CONDITIONS (SYMBOL °*F°
DESIGNATES FIXED COORDINATE)

NODAL BOUNDARY COORDINATES
POINT CONDIT IONS
X Y 2 X Y ) 4
1 F -5.4500 1.4500 0.0
2 F F F -0.8167 0.0 0.0
3 F F 3.8167 0.0 0.0
4 F 8.4500 1.4500 0.0
5 F -5.4500 7.2500 0.0
6 F ~0.8167 7.2500 0.0
7 F 3.8167 7.2500 0.0
8 F 8.4500 T.2500 0.0
10 F -0.8167 13.0500 0.0
11 F 3.81487 13.0500 0.0
12 F 8.4500 10.8750 0.0
13 ~T7.0717 0.0 10.0953
14 -0.8167 -1.4500 10.0953
15 3.8167 ~1.4500 10.0953
16 10,0717 0.0 10,0953
17 -7.0717 5.8000 10.0953
18 -0.8167 $5.8000 10.0953
19 3.8167 5.8000 10.0953
20 10.0717 5.8000 10,0953
21 ~7.0717 9.4250 10.0953
22 -1.3572 11.6000 10.0953
23 4.3572 11.6000 10.0953
24 10.0717 9.4250 10.0953
25 ~-9.3884 0.4887 20.1906
26 -0.8167 0.0 20.1906
27 3.8167 0.0 20.1906
28 12.3884 0.4887 20,1906
29 ~9.3884 8.8522 20.1906

86



NODAL
POINT

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
&7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

X

8O0UNDARY

Y

CONDITIONS

z

X

‘008167
3.8167
12.3884
~-9.3884
-2.1295%
5.1295
12.3884
10.0834
‘0.8167
3.8167
13.0834
10.0834
'008167
3.8167
13.0834
10.0834
-2.3611
5.3611
13.0834
10.0834
‘008167
3.8167
13.0834%
10.0834
-0.8167
3.8167
13.0834
10.0834
"2.3611
5.3611
13.0834
-1.6000
~0.0500
3.0500
4.6000
‘1.6000
-0.0500
3.0500
4.6000
-1.6000
0.4667
2.5333
4.6000
"106000
-0.0500
3.0500
4.6000
‘106000
-0.0500

87

COORDINATES

Y

1.25%0C
7.2500
8.8522
14.0795
17.2158
17.2158
14.0795
1.3253
1.4500
14500
1.3253
11.3245
8.7000
8.7000
11.3245
17.5740
21.3237
21.3237
17.5740
1.3775
1.4500
1.4500
1.3775
11.2375
8.7000
8.7000
11.2375
17.4000
21,0975
21.0975
17.4000
2.2471
L.0154
1.0154
2.2471
4,7575
5.3616
5.3616
4.7575
6.3264
7.2678
T.2678
6.3264%
1.8846
0.5807
0.5807
1.8846
4,2026
4.5270

4

20.1906
20.1906
20.1906
20.1906
20.1906
20.1906
20.1906
30.2858
30.2858
30.2858
30.2858
30.2858
30.2858
30.2858
30.2858
30.2858
30.2858
30.2858
30.2858
40.3811
40.3811
40.3811
40.3811
40.3811
40.3811
40.3811
40.3811
40.3811
40.3811
40.3811
40.3811
50.4763
50.4763
50.4763
S0.4763
50.4763
50.4763
50.4763
50.4763
50.4763
50,4763
50.4763
50.4763
55.5240
55.5240
55.5240
55052’70
55.5240
55.5240



NODAL
POINTY

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

X

BOUNDARY

Y

CONDITIONS

z

X

3.0500
4.6000
-1.6000
0.4667
2.5333
4.,6000
-1.6000
-0.0500
3.0500
4.6000
-1 « 6000
-0.0500
3.0500
4.6000
-2.5300
-0.0500
3.0500
5.5300
~-3.1500
"0.0500
3.0500
6.1500
-2.2200
-0.0500
3.0500
5.2200
-3.1500
-0.0500
3.0500
6.1500
~4.7000
-3.1500
6.1500
7.7000
"4. 7000
-0.0500
3.0500
7.7000
-‘07000
-3.4600
6.4600
7.7000
-3. 1500
-0.0500
3.0500
6.1500
-4.7000
6.4600

COORDINATES

Y

4.,9270
4,2026
5.6513
6.5206
6.5206
5.6513
1.8846
0.5807
0.5807
1.8846
4.1881
4,9270
4.,9270
4,1881
12.5329
13.6194
13.6194
12.5329
8.4039
5.9701
5.9701
8.4039
11.0986
12.315%
12,3155
11.0986
0.1461
0.1461
le9281
2.1019
2.1019
l1.9281
~le 592‘0
'109401
-1.9401
-1.5924
-0.2885
-0.3754
-0 37154
-0.2885%
~5.2866
=-T.2424
-3.3309
-4.,2436

1

55.5240
55.5240
55.5240
55.5240
55.5240
55.5240
57.0381
57.0381
57.0381
57.0381
58.0477
58.0477
58.0477
58.0477
59.5619
58.5524
58.5524
59.5619
62.5906
61.2277
61.2277
62.5906
62,9438
62.7924
62.7924
62.9438
59.2591
58.0477
58.0477
59.2591
61.5810
60.3191
60.3191
61.5810
61.1772
60.1677
60.1677
61.1772
62.9944
62.0858
62.0858
62.9944
64.5591
63.6001
63.6001
64.5591
66.1239
65.1144
65.1144



NODAL
POINT
X

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

BBUNDARY
CONDITIONS

X

7.7000
-3.15%00
-0.0500

3.0500

6.1500
~-4,7000
-3.4600

6.4600

7.7000
-0.0500

3.0500

6.1500
-4.7000
‘3."600

6.4600

7.7000
-3.1500
-0.0500

3.0500

6.1500
~4,7000

6.4600

7.7000
-3.1500
-0.0500

3.0500

6.1500
~4.7000
"3.4600

6.4600

7.7000
-3.1500
-0.0500

3.0500

6.1500
-4, 7000
-3.4600

6.4600

7.7000
-3.1500
-0.0500

3.0500

6.1500
~-4.7000
~3.4600

6.4600

7.7000

89

COORDEINATES

Y

-3.3309
-5.%060
-T.6771
-7.6771
-5.5040
-3.3309
-4,.8955
~4.,8955
-3.3309
-4.2001
-5.9386
-4,20C1
-2.0270
-3.,7655
-3.7655
-2.,0270
“10592"9
-2.8962
-2.8962
‘105924
~0.3754
-1.3751
-1.3751
-0.3754
3.6231
4.0577
4. 0577
3.6231
3.1885
3.6231
3.6231
3.1885
8.4039
10.1424
1G.i424
8.4039
7.1001
7.9693
T.9691%
7.1001
10. 1424
11.8809
11.8809
10.1424
8.8386
9.7078
9.7078
8.8386

4

66.1239
68.9001
68.6477
68.6477
68,9001
69.1525
68.7487
68.7487
69.1525
74.4525
75. 7145
15.7145
74.4525
712.9382
73.9478
73.9478
72.9382
717.2287
79.7525
79.7525
77.2287
T4. 7049
76.8249
76.8249
74.7T049
T6.9764
79.2478
79.2478
76.9764
74.7049
76.7240
716.7240
74.7049
75.7145
77.7335
77.7335
T75.7145
74.2002
15,2097
75.2097
74.2002
73,1906
73.6954
73.6954
73.1906
T1.S2R7
72.1810
12.1810
T1.9287



NODAL
POINT
X

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

BOUNDARY
CONDITIONS

X

0.5700
2.4300
9.2500
‘6.2500
0.5700
24300
9.2500
-602500
'30‘600
6.4600
92500
-6.2500
“000500
3.0500
9.2500
-6.2500
'000500
3,0500
9.2500
-602500
'3.4600
6.4600
9.2500
-3.4600
6.4600
9.2500
-6.2500
-3.4600
6.4600
9.2500
-6.2500
-3.4600
6.4600
9.2500
-6.2500
~3.4600
6.4600
9.2500
-6.2500
-3.4600
6.4600
9.2500
‘6.2500
-3.4600
6.4600
9.2500

90

COORDINATES

Y

10.1424
11.4463
11.4463
10.1424
9.2732
10.5771
10.5771
9.2732
T.5347
9.2732
9.2732
T.5347
10.1424
11.0117
11.0117
10.1424
T.9693
6.8828
6.8828
79693
3.,6231
3.6231
3.6231
3.6231
1.4500
1.4500
1.4500
1.4500
’1.3751
-1.5924
-105924
-1.3751
“1.5924
=2.6789
‘2.6789
—105924
-0.5927
-1.5924
'1.592‘
‘0.5927
0.9284
0.0157
0.0157
0.9284
2.7539
27539
2.7539
2.7539
5.7962

z

T1.1715
71.6763
71.6763
71.1715
70,1620
70.5658
70.5658
70.1620
68.1430
68,6477
68,6477
68.1430
63.6001
63.7515
63,7515
63.6001
63.6001
63.6001
63.6001
63.6001
63.0954
63.0954
63.0954
63.0954
64.6096
64.6096
64.6096
64.6096
67.1334
67,1334
67.1334
6T.1334
69.1525
69.1525
69.1525
69.1525
71.6763
72.6858
72.6858
71.6763
72.6858
T4.2002
T74.2002
72.6858
72.6858
74,2002
74.2002
T2.6858
72.1810



NODAL
POINT
X

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274

BOUNDARY
CONDITIONS

X

~-3.4600
6.4600
9,2500
-6.2500
-3.4600
6.4600
9.2500
-6.2500
-3.4600
6.4600
9.2500
-6.2500
-3.4600
6.4600
9.2500
0.7250
2.2750
10.9707
12,1472
-9.8455
10.9158
-7.3518
-8-1869
_307905
-4,2896
"006738
~0.8789
3.6738
3.8789
6.7905
T.2896
10.3518
11.1869
12.8455
13.9158
13.9707
15.1472
10.9707
12.1472
-9.8455
10.9158
-7.3518
-8. 1869
-3.7905
‘4.2896
-0. 6738
-0.8789
3.6738
3.8789
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COORDINATES

\i

6.448)
&.4481
9. 7962
5.3616
6.2308
6.2308
5.3616é
3..885
3.1885
3.1885
3.1885%
1.G154
1.0154
1.0154
1.015%
14.0540
14.0540
4.1719
4.0425
-1.1072
-1.7346
-5.5842
-6.6340
-8.7190
10.0645
—909543
11.4164
-9.9543
1l.4164
-8.719C
10.0645
-5.5842
‘656340
-iei072
~1.7346
<1719
46,0425
3.2048
3.0749
~2.0945
~2.T24%
-6£.5886
-T.6424%
~-9.7354
11.0861
10.9755
12.4631
16.97%-
12.4431

b4

73.1906
73.1906
72.1810
66.9315
66.1239
66.1239
66.9315
68.6477
68.6477
68,6477
68.6477
70.6668
710. 6668
70.6668
70.6668
64.6096
64.60986
61.8505
61.8392
61.3887
61.3338
60.9970
60.9052
60.7227
60.6050
60.6147
£0.4867
60.6147
60.4867
60.7227
60.6050
60.9970
60.90%2
61.3887
61.3338
61.8505
61.8392
66.3096
66.3096
66.3096
66.3096
66.3096
66.3096
66.3096
66.3096
66.3096
66.30$O
66.3096
56.3096



NODAL
POINT
X

275
276
2717
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
3lo
311
312
313
314
315
3le
317
318
319
320
321
322
323

BOUNDARY
CONDITIONS

X

6.7905

T.2896
10.3518
11.1869
12.8455
13.9158
13.9707
15.1472
10.9707
12.1472
-9,8455
10,9158
-T.3518
-8.1869
-3.7905
-4,2896
-0.6738
-0.8789

3.6738

3.8789

6.7905

7.2896
10.3518
11.1869
12.8455
13.9158
13.9707
15.1472
10.9707
12.1472
10.9158
-7.3518
-8.1869
~3,7905
‘4.2896
‘0.6738
-0.8789

3.6738

3.8789

6.7905

7.2896
10.3518
11.1869
12.8455
13.9158
13.9707
15.1472
10.9707

92

COORDINATES

Y

_9.7354
11.0861
-605886
~T.6424
-200945
’2.7244

3,2048

3.0749

3,3338

3,2161
‘1.4690
‘2.0399
-5.5421
664971
-8.3940
‘906181
-905179
10.8480
~9.5179
10.8480
-8.3940
'9.6181
-5.5421
'6-4971
-144690
‘2.0399

3.3338

3.2161

3.6966

3.6131

0.2903
-0.1146
-205985
‘302759
‘406212
-5.4894
’5.6183
-6¢3617
-5.4183
663617
-4.6212
-5.4894
-2.5985
~-3.2759

0.2903
-0.1146

3.6966

3.6131

4,2252

4

66.3096
66.3096
66.3096
66.3096
663096
66.3096
66.3096
66.3096
66.8914
66.9463
69.1310
69+3972
71.0303
71.4756
72.3602
72.9310
72.8842
73.5045
72.8842
73.5045
72.3602
72.9310
71.0303
71.4756
69.1310
6€9.3972
66.8914
66.9463
67.3642
67.4637
71.4238
71.9062
74.8664
75.6737
17.2770
78.3116
78.2270
79.3512
78.2270
79.3512
77.2770
78.3116
74.8664
15.6737
71.4238
71.9062
67.3642
67.4637
67.6395



NODAL
POINT
X

324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372

BOUNDARY
CONDITVIONS

X

12.1472
-9.8455
10.9158
-7.3518
-8.1869
-3.7905
-‘02896
-0.6738
‘0.8789

3.6738

3.8789

6.7905
10.3518
11.1869
12.8455
13.9158
13.9707
15.1472
10.9707
12.1472
-9.8455
10.9158
-7.3518
’8.1869
-3.7905
-4,2896
-0.6738

3.6738

3.8789

6.7905

7.2896
10.3518
11.1869
12.8455
13.9158
13.97017
15.1472
10.9707
12.1472
*908‘55
10.9158
~7.3518
-8-1869
~4,2896
~0.6738

93

COURDINATES

Y

4.1916
2.8537
2.6907
1.6905
1.4178
0.8761
0.5265
0.5551
0.1753
0.5551
0.1753
0.8761
0.5265%
1.690%
1.4178
2.8537
2.69017
4.2252
4.1916
4.B2G7
4.8432
S5.7409
5.8502
6.52“
6.T043
T.0677
T.302¢
7.2830
7.5379
7.2830
7.5379
1.06177
7.3022
6.5213
5.7043
5.7409
5.8502
4.8207
4.8432
7.7557
7.8302
10,7953
1li.15606
10.9886
11.5930C
12.7935
13.5682
1345047
14.3465

1

67.7649
72.7%582
73.3665
77.0991
78.1170
80.1387
Bl.4434
81.3365
82,7541
81.3365
82.7541
80.1387
8l.4434
77.0991
78.1170
72.7582
73.3665
67.6395
67.7649
6T.6654
67.7933
72.8842
73.5045
77.3100
78.3478
80.4090
81.7392
81.6303
83.0756
81.6303
83.0756
80,4090
81.7392
77.3100
78,3478
72.8842
73.5045
67.6654
67.7933
62.9665
63.0729
67.3074
67.8233
75.4596
76.3228
TR,.0273
79.1437
79.0531
80.2554



NODAL
POINT
X

373
374
3715
376
377
378
379
380
381
382

BOUNCARY
CONDITIONS

X

3.6738
3.8789
6.7905
7.2896
10.3518
11.1869
12.8455
13.9158
13.9707
15.1472

94

COORDINATES

Y

13.5047
14,3465
12.7935
13,5682
10.9886
11.5930
10.7953
11.1566

7.7557

7.8302

z

79.0531
80.2554
78.0373
79.1437
75.4596
76.3228
67.3074
67.8233
62.9665
63.0729



2. CONNECTION ARRAYS

ELEMENT NODAL POINT NUMBERS MATERIAL
NUMBER (ELEMENT POSITIONS, 1 TO 8} TYPE
1 1 2 6 5 13 l4 18 17
2 2 3 7 6 14 15 19 18
3 3 4 8 7 15 16 20 19
& 5 6 10 9 17 18 22 21
5 6 7 11 10 18 19 23 22
6 7 8 12 11 19 20 24 23
7 13 14 18 17 25 26 30 29
8 14 15 19 18 26 27 31 30
9 15 16 20 19 27 28 32 31
10 17 18 22 21 29 30 34 33
11 i8 19 23 22 30 31 35 34
12 19 20 24 23 31 32 36 35
13 25 26 30 29 37 38 42 41
14 26 27 31 30 38 39 43 42
15 27 28 32 31 39 40 44 43
16 29 30 34 33 41 42 46 45
17 30 31 35 34 42 43 47 46
18 31 32 36 35 43 44 48 47
19 37 38 42 41 49 50 54 53

Y
Q
W
o«
w
L

43 42 50 51 55 54
44 43 51 52 56 55

N
o
W
O
»
(=]

22 41 42 46 45 53 54 58 57
23 42 43 47 46 54 55 59 58
24 43 44 48 47 55 56 60 59
25 49 50 54 53 61 62 66 65
26 50 51 55 S4 62 63 67 66
27 51 52 56 55 63 64 68 67
28 53 54 58 57 65 66 70 69
29 54 55 59 58 66 67 71 70
30 59 56 60 59 67 68 T2 71
31 61 62 66 65 73 14 78 17
32 62 63 67 66 T4 15 79 78
33 63 64 68 67 15 76 3G 79
34 65 66 70 69 17 18 82 81
35 66 67 71 70 78 19 83 82
36 67 68 72 71 79 80 84 83
37 73 T4 78 17 85 86 30 a9
38 T4 75 19 78 86 87 91 90

w
O
-d
\n
-
o

80 79 a7 88 92 91
82 81 89 90 94 93

EYCEURT T AT TN ST RCETRTAV I RV RUSV RV SV ¥ ST RV RV RURUN. S RURURC RV R SR R R

&»
o
-
~
-
™

95



ELEMENT
NUMBER

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

78

79

89

90

91

85

86

87
105
106
107
113
114
115
121
122
123
129
130
131
137
138
139
145
146
147
153
154
155
161
162
163
169
170
171
181
182
183

89

90

91
109
110
111
117
118
119
125
126
127

79

80

90

91

92

86

87

88
106
107
108
114
115
116
122
123
124
130
131
132
138
139
140
146
147
148
154
155
156
162
163
164
170
171
172
182
183
184

90

91

92
110
111
112
118
119
120
126
127
128

NODAL POINT NUMBERS
(ELEMENT POSITIONS,

83

84

94

95

96

90

91

92
110
111
112
118
119
120
126
127
128
134
135
136
142
143
144
150
151
152
158
159
160
166
167
168
174
175
176
174
175
176

98

100
198
199
200
202
203
204
206
207
208

82

a3

93

94

95

89

90

91
109
110
111
117
118
119
125
126
127
133
134
135
141
142
143
149
150
151
157
158
159
165
166
167
173
174
175
173
174
175

97

98

99
197
198
199
201
202
203
205
206
207

90

91

97

98

99
105
106
107
113
114
115
121
122
123
129
130
131
137
138
139
145
146
147
153
154
155
161
162
163
169
170
171
177
178
179
189
190
191
109
110
111
117
118
119
125
126
127
133
134
135

96

91

92

98

99
100
106
107
108
114
115
116
122
123
124
130
131
132
138
139
140
146
147
148
154
155
156
162
163
164
170
171
172
178
179
180
190
191
192
110
111
112
118
119
120
126
127
128
134
135
136

1 70 8)

95

96
102
103
104
110
111
112
118
119
120
126
127
128
134
135
136
142
143
144
150
151
152
158
159
160
166
167
168
174
175
176
182
183
184
186
187
188
198
199
200
202
203
204
206
207
208
210
211
212

94

95
101
102
103
109
110
111
117
118
119
125
126
127
133
134
135
141
142
143
149
150
151
157
158
159
165
166
167
173
174
175
181
182
183
185
186
187
197
198
199
201
202
203
205
206
207
209
210
211

MATERIAL
TYPE

Pt N Pt ) Pt gt P\ P et et et ped eat b gt pand pnd fud Pt s pub et ot Jund et Pt et Pd Pt P sk b fd ps Pt P ek s et gt pot pud Jut b pmt Pt b=t AN N



ELEMENT
NUMBER

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

133
134
135
141
142
143
149
150
151
157
158
159
165
166
167

97

98

99
197
198
199
201
202
203
205
206
207
217
218
219
221
222
223
225
226
227
185
186
187
178
243
245
247
249
251
253
255
257
259
263

134
135
136
142
143
144
150
151
152
158
159
160
166
167
168

98

99
160
198
199
200
202
203
204
206
207
208
218
219
220
222
223
224
226
227
228
186
187
188
179
245
247
249
251
253
255
257
259
261
265

NODAL POINT NUMBERS
(ELEMENT POSITIONS,

210
211
212
214
215
216
218
219
220
222
223
224
226
227
228
194
195
196
230
231
232
234
235
236
238
239
240
214
215
216
238
239
240
234
235
236
230
231
232
183
265
2617
269
271
273
275
277
279
281
285

209
210
211
213
214
215
217
218
219
221
222
223
225
226
227
193
194
195
229
230
231
233
234
235
237
238
239
213
214
215
237
238
239
233
234
235
229
230
231
182
263
265
267
269
271
273
275
277
279
283

141
142
143
149
150
151
157
158
159
165
166
167
173
174
175
197
198
199
201
202
203
205
206
207
209
219
211
221
222
223
225
226
227
185
186
187
189
190
191
241
244
246
248
250
252
254
256
258
260
264

97

1 70 8)
142 214
143 215
144 216
150 218
151 219
152 220
158 222
159 223
160 224
166 226
167 227
168 228
174 186
175 187
176 188
198 23¢C
199 231
200 232
202 234
203 235
204 236
206 238
207 239
208 240
210 214
211 215
212 216
222 238
223 239
224 240
226 234
227 235
228 236
186 230
187 231
188 232
190 194
191 :95
192 196
242 1i9i
246 266
248 268
25¢ 270
252 272
254 274
256 276
258 218
260 280
262 282
266 286

213
214
215
217
218
219
221
222
223
225
226
227
i85
186
187
229
230
231
233
234
235
237
238
239
213
214
215
237
238
239
233
234
235
229
230
231
193
194
195
190
264
266
268
270
272
274
276
278
280
284

MATERIAL
TYPE
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ELEMENT
NUMBER

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190

265
267
269
271
273
2715
277
279
283
285
287
289
291
293
295
297
299
303
305
307
309
311
313
315
317
319
323
325
327
329
331
333
335
337
339
343
345
347
349
351
353
355
357
359
243
381
169
161
153
145

267
269
271
273
2715
217
279
281
285
287
289
291
293
295
297
299
301
305
307
309
311
313
315
317
319
321
325
3ev
329
331
333
335
337
339
341
345
347
349
351
353
355
357
359
361
263
361
161
153
145
137

NODAL POINT NUMBERS
(ELEMENT POSITIONS,

287
289
291
293
295
297
299
301
305
307
309
311
313
315
317
319
321
325
327
329
331
333
335
337
339
341
345
347
349
351
353
355
357
359
361
365
367
369
371
373
375
377
379
381
343
281
162
154
146
138

285
287
289
291
293
295
297
299
303
305
307
309
311
313
315
317
319
323
325
327
329
331
333
335
337
339
343
345
347
349
351
353
355
357
359
363
365
367
369
371
373
3715
377
379
363
261
170
162
154
146

266
268
270
272
274
276
278
280
284
286
288
290
292
294
296
298
300
304
306
308
310
312
314
316
318
320
324
326
328
330
332
334
336
338
340
344
346
348
350
352
354
356
358
360
244
382
369
349
329
309

98

268
270
272
274
276
278
280
282
286
288
290
292
294
296
298
300
302
306
308
310
312
314
316
318
320
322
326
328
330
332
334
336
338
340
342
346
348
350
352
354
356
358
360
362
264
362
349
329
309
289

1 T0 8)

288
290
292
294
296
298
300
302
306
308
310
312
314
316
318
320
322
326
328
330
332
334
336
338
340
342
346
348
350
352
354
356
358
360
362
366
368
370
372
374
376
378
380
382
344
282
351
331
311
291

286
288
290
292
294
296
298
300
304
306
308
310
312
314
316
318
320
324
326
328
330
332
334
336
338
340
344
346
348
350
352
354
356
i5s
360
364
366
368
370
3712
374
376
378
380
364
262
371
351
331
311

MATERIAL
TYPE
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ELEMENT
NUMBER

191
192
193
194
195
196
197
198
199
200
201
202
203
204

137
129
170
162
154
146
138
130
171
163
155
147
139
131

129
121
162
154
146
138
130
122
163
155
147
139
131
123

NODAL POINYT NUMBERS
(ELEMENT POSITIONS,

130
122
163
155
147
139
131
123
164
156
148
140
132
124

138
130
171
163
155
147
139
131
172
164
156
148
140
132

289
269
371
351
331
311
291
271
373
353
333
313
293
273

99

1 70 B)
269 271
249 251
351 353
331 1333
311 313
291 293
271 2713
251 253
353 1355
333 335
313 1315
293 295
2713 2715
2%3 255

291
271
3713
353
333
313
293
273
375
355
335
315
295
215

MATERIAL
TYPE

PPPPPLIPPPIPEPIIS



3. COMPUTED PARAMETERS FOR THE ELEMENTS

ELEMENT MATERIAL VOLUME MASS CENTROID COORDINATES
NUMBER TYPE (cc) {GRAMS) X Y z

1 5 0.359E 03 0.359E 03 -3.54 3.26 5.05
2 6 0.339E 03 0.104E 04 1.50 2.90 5.05
3 5 0.359€E 03 0.359E 03 6.54 3.26 5.05
4 5 0.254E 03 0.254E 03 -3.61 8.88 5.05
5 5 0.287€ 03 0.287E 03 1.50 9,42 5.05
] 5 0.25%4€ 03 0.254E 03 6.61 8.88 5.05
7 5 0.539E 03 0.539€ 03 -4.52 3.34 15.14
8 6 0.339E 03 0.104E 04 1.50 2.90 15.14
9 S 0.539E 03 0.539€ 03 T.52 3.34 15.14
10 5 0.441€ 03 O.441E 03 -4.76 10,00 15.14
11 5 0.445€ 03 0.445E 03 1.50 10.47 15.14
12 5 O.441E 03 0.441E 03 T.76 10,00 15.14
13 5 0.740€ 03 0.740€E 03 ~5.,28 4.92 25.24
14 6 0.339€E 03 0. 104E 04 1.50 4,35 25.24
15 5 0.740E 03 0.740E 03 8.28 4.92 25.24
17 5 0.692€ 03 0.692E 03 1.50 13.62 25.24
18 5 0.711€ 03 O.711E 03 8.63 13,29 25.24
19 5 0.804€ 03 0.804E 03 ~5.45 5.70 35.33
20 6 0.339E 03 0.104E 04 1.50 5.07 35.33
21 5 0.804E 03 0.804E 03 B.45 570 35.33
22 5 0.807€ 03 0.807E 03 -5.84 14.67 35.33
23 5 0.780€E 03 0.780E 03 1.50 14.96 35.33
24 5 0.807E 03 0.807€ 03 8.84 14.67 135.33
25 5 0.360E 03 0.360E 03 -3.14 4.52 45.43
26 6 0.230& 03 0.705E 03 1.50 4.13 45.43
27 5 0.360E 03 0.360E€ 03 6.14 4.52 45.43
28 5 0.330€ 03 0.330E 03 =3.27 10.27 45.43
29 5 0.348E 03 0.348E 03 l.50 10.61 65.43
30 5 0.330€ 03 0.330€ 03 6.27 10.27 45.43
31 5 0.264E 02 0.264E 02 ~0.82 3.12 53.00
32 6 0.680€ 02 0.209€ 03 1.50 2.97 53.00
33 5 0.264€ 02 0.264E 02 3.82 3.12 53.00
34 5 0.138E 02 0.138E 02 -0.70 5.63 53,00
35 5 0.228E 02 0.228E 02 1.50 6.02 53.00
36 5 0.138€ 02 0.138E 02 3.70 5.63 53.00
37 5 0.104E 02 0.104€ 02 ~0.82 290 56.52
38 1 0.272E 02 0.400E 02 1.50 2.75 56.53
39 S 0.104E 02 0.104E 02 3.82 2.90 56.53
40 5 0.257€ 02 0.257E 02 -0.88 7.07 57.04

100




ELEMENT MATERIAL VOLUME MASS CENTROID COORDINATES

NUMBER TYPE {CC) { GRAMS j X Y 2
41 5 0.388BE 02 0.388c < 1.50 T7.50 56.91
42 5 0.257€ 02 0.257TE 02 3.88 7.07 57.04
43 1 0.552€ 02 0.811E 02 -1.21 9,13 60.47
44 1 0.869E 02 0.128€ 03 1.50 9.21 60.16
45 1 0.552€ 02 0.81LE 02 4,21 .13 60.47
46 1 0.125€ 02 0.183E 02 -1.79 1.93 58.67
47 | 0.415E Q2 0.610€ 02 1.50 1.83 58.36
48 | 0.125€ 02 0.183E 02 4,79 193 58.67
49 1 0.134€ 02 0.,197E 02 -2.99 -0.04 60.70
50 1 0.524E 02 0.T7T0€ 02 1.50 -0.13 60.16
51 1 0.134E 02 0.197€ 02 5.99 -0.04 60.70
53 1 G.973E 02 0.143E 03 1.50 ~-3.45 62.74
54 1 0.198€ 02 0.291E 02 6.03 -3.04 63.23
55 1 0.538E 01 0.791E 01 ~2.84 -5,19 66.86
56 1 0.823E 02 0.121E 03 1.50 =-6.01 6&6.53
57 1 0.538E 01 0.791E 01 5.84 -%,19 66.86
58 1 0.413E Ol 0.607E 01 =Z.84 -4.67 7T1.56
59 1 0.104E 03 0.153€ 03 1.50 -5.57 71.76
60 1 0D.413E€ 01 0.607€ 01 S.84 -4.67 7T1.56
61 1 0.196E 01 0.288E Ol ~2.86 =2.717 15.70
62 1 0.810E 02 0.119€E 03 1.0 =3.49 76.56
63 1 0.196E O1 0.288E Ol 5.84 -2.717 1715.70
64 1 0.205€ 0Q 0.3ClE GO ~2.84 1.03 77.02
65 1 0.102E 03 0.150E 03 1.50 0.85 78.14
66 1 0.205E 00 0.301€E 00 5.84 1.03 77.02
67 1 0.158¢ 01 0.233E Ol ~-2.84 6.01 76.31
68 1 0.960E 02 0.141€ 03 1.50 6.45 T7.23
69 1 0.158€ 01 0.232E 01 5.84 6.01 76.31
70 1l 0.395E 01 0.581lE 01 ~-2.84 9.27 T4.23
71 1 O.7T16E 02 0.105E 03 1.50 9.93 74.70
72 1 0.394E 01 0.580E€ 01 5.84 9.27 7T4.23
73 1 0.830E 01 0.122E 02 -2.84 10.25 71.82
T4 1 0.140E 02 0.206E 02 1.50 10.90 72.03
75 1 C.829E 01 0.122E 02 5.84 10.25 71.82
76 1 0.213Ek 02 0.313E 02 -3.73 9.54 68,62
7 1 0.412E 02 0.605E Q2 1.9 10.14 68.79
78 1 0.213E 02 0.313€ 02 6.73 9.54 68.62
79 1 0.279E 02 0.409E 02 -2.80 4.35 61.00
80 1 0.657E 02 0.966E 02 i.50 4.16 60.67
81 1 0.279€ 02 0.409E 02 5.80 4.35 61.00
82 1 0.143E 0¢ 0.210E 02 -4 .43 1.69 62.80
83 2 0.869E 02 0.913€ 02 1.50 1.70 62.53
84 1 0.143€E 02 0.210E G2 T-43 1.69 62.80
85 1 0.210E 02 0.309E 02 4,47 -1.04 64.98
86 2 0.139E 03 O«.146E C3 1.50 -1.19 64.74
87 1 0.210¢ 02 0.309€ 02 T.47T =-1.04 64.98
88 1 C.101E 02 0.149E 02 8,47 -c.88 67.71
89 2 0.787TE 02 0.826E 02 1.50 -3.3% 67.54
90 1 0.101E 02 0.149E G2 7.4T -2.88 67.71

101



ELEMENT
NUMBER

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

MATERIAL
TYPE

W W WU re N e N s N e b N e bt N e P N 0t et ) pt Bt i et Bt N et ot ) e et () 0 gt ) Bt et ) P

VOLUME

{(cc)

0.112€¢
0.998E
O0.112E
0.850E
0.774E
0.850E
0.103E
0.986E
0.103€
0.136E
0.106E
0.136E
0.161E
0.996E
0.1l61E
0.315E
0.542¢E
0.315E
0.348E
0.13SE
0.348E
0.404E
0.147E
0.404E
0.215€
0.102€¢
0.215¢
0.161E
0.837E
0.161E
0.355E
0.155E
0.355E
0.453E
0.213E
0.453E
0.553E
0.963¢
0.552E
0.319¢t
0.317E
0.347€
0.370€
0.290E
0.387E
0.290E
0.370E
0.347E
0.317E
0.119€

02
02

102

MASS

(GRAMS)

0.164€
0. 105€
0.164€
0.125E
0.812E
0.125E
0.152E
0.104E
0.152€
0.200E
0.111E
0.200E
0.237€
0.105€
0.237E
0.463E
0.797E
0.463E
0.512€
0.142€
0.512¢€
0.594€
0.154E
0.594E
0.316€
0.107€
0.316€
0.236E
0.879E
0.236E
0.522E
0.163E
0.522€E
0.666E
0.224E
0.666E
0.812E
0.101E
0.812€
0.319E
0.307€
0.336E
0.359E
0.281E
0.37SE
0.281E
0.359E
0.336E
0.307E
0.116E

CENTROIO COORDINATES
X Y z

-4.47 “2.56 70.93
1.50 "3023 71.13
Te®7T =2.56 70.93

~4.47 -1.10 73.71
1050 -1.68 T4 .41
T.47 -1.10 73.71

"4.’07 104’. T4.59
1.50 1.25 75.49
T47 lebs 74.59

"4."7 4095 74.1"
1.50 5.20 74.83
T&7 4.95 T74.14

""047 7.83 71.96
1.50 8.35 72.31
T.47 T7.83 7T1.96

-3.61 6.01 63.78
1.50 5.68 63.51
6.61 6.01 63.78

-4.85 3.51 65.72
1.50 3.62 65.62
7.85 3.51 65.72

-4 485 100" 6T7.76
1.50 1.02 67.76
7.85 .04 67.76

~4.,85 ~0.92 69.78
1.50 =-1.21 69.91
T.85 =~0.92 69.78

-4.85 0.79 72.43
1.50 0.55 72.94
T.85 0.79 72.43

-4.85 3.27 T1.36
1.50 3.35 71.68
7.85 3,27 7T1.36

-4 .85 5.88 69006
1.50 6.29 69.15
7.85 5.88 69.06

-4,00 8.05 65.55
1.50 8.35 65.53
7.00 8.05 65.55
1.50 11.77 67.65

~10.97 0.85 63.96

-9.08 -4.26 63.73

-5.90 “8026 63.56

~2.41 =-10.55 63.46
1.50 -11.20 63.43
Se4l -10.55 63.46
8.90 -8.26 63.56

12.07 "40 26 63.73

13.97 0.85 63.96




ELEMENT MATERIAL VOLUME E LoANTHRU1u CGORDINATES

NUMBER TYPE (CC) {GRAKS X Y i
141 3 0.264E 02 0.25%68E G¢ "9.08B -4.32 68,28
142 3 0.377E 02 0.366E 02 -5.90 -8.1l4 69.13
143 3 0.334E 02 0.324E G2 -2.41 ~10.33 69.61
144 3 0.460E 02 O0.447E 02 1.50 -10.95 69.75
145 3 C.335k Q2 0.324E 02 5.41 -10.33 69.61
146 3 0.377¢€ 02 0.366E 02 8.90 -8.14 69.13
147 3 0.264E 02 0.256E 02 12.07 -4.32 68.28
148 3 0.119¢€ 02 O0.116E 02 13.97 0.56 67.20
149 3 O.119¢€ 02 0.116E Q2 -10.97 l.32 68.82
150 3 0.264E 02 0.256E 02 -9.08 -2.66 7T1.86
151 3 C.377€ 02 0.366E 02 -5.90 =5.75 74.24
152 3 0.33‘E 02 0032‘E GE -ZaQX "7.53 75.61
153 3 0.460E 02 0.447TE 02 1.50 =-8.,04 75.99
154 3 0.335€ 02 0.324E 02 .41 -=T.53 75.61
155 3 0.377€ 02 0.366E 02 8.90 =5.75 7T4.24
156 3 0.264E 02 0.256E 02 12.07 -2,66 71.86
157 3 0.119€ 02 0O.116E 02 i3.97 1.32 68.82
158 3 0.119E 02 C.l116E 02 -10.97 2.68 69.96
159 3 0.264E 02 0.2%6E 0& -%.08 0.37 74.40
160 3 0.377€ 02 0.366E 02 =5.90 -1l.43 717.87
161 3 0.334E 02 0.324E G2 ~2.41 -2.47 19.85
162 3 0.460E 02 0.447€ 02 i.50 -2.76 80.42
163 3 0.334E 02 0.324€ 02 S5.41 -2.47 79.85
164 3 0.377€ 02 0.366E 02 £.90 ~-1l.43 77.87
165 3 0.264E 02 0.256E 02 12.07 0.37 74.40
166 3 0.119E 02 0.116E 02 13.97 2.68 69.96
167 3 0.119E 02 0.116k 02 -10.97 4.40 7T0.42
168 3 0.264E 02 0.256E 02 -9.08 4.18 75.42
169 3 0.377€ 02 0.366E 02 ~5.90 4.01 79.33
170 3 0.334E 02 0.324E 02 ~2.41 3.92 8l.57
171 3 0.460t 02 0.447E 02 1.50 3.89 82.20
172 3 0.334E 02 0.324E 02 5.41 3.92 8l.57
173 3 0.377€E Q2 0.366E 92 8.90 4.01 79.33
174 3 C.264E 02 0.256E 02 12.07 4.18 175.42
175 3 0.119E 02 0.116€ 02 13.97 4.40 70.42
176 3 0.374E 02 0.363€ 02 -10.97 7.35 617.88
177 3 0.453€ 02 0.439¢ a2 ~9.08 B.6T7T T73.62
178 3 0.377€ 02 0.366E 02 -3.90 9.57 78.35
179 3 0.334E 02 0.324Ek 02 ~2.41 10.43 80.42
180 3 0.460€ 02 O0.446E G2 i.50 10.67 81.00
181 3 0.334€ 02 0.324€ ¢2 S«41 10.43 80.42
182 3 0.377€ Q2 0.366E (2 8.90 9.5 78.35
183 3 0.453€ 02 0.439E 02 12.07 8.67T 73.62
184 3 0.374€ 02 0.363€ ¢2 13.97 7.35 67.88
185 3 0.175€ 02 0.170E O2 ~11.56 4,97 64.73
186 3 0.175€ 02 0.,i70E 02 14.56 4.97 64.73
187 4 0.612E 02 0.367€ 0Of -1.92 10.15 77.43
188 4 0.658E 02 0.395%5€ 01 ~1492 525 T9.15
189 4 0.359€ 02 0.215€ 01 ~1e%2 -"..8 TB.77
190 4 0.332€ 02 0.199E 0Ot -1.92 -5.32 15.99
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ELEMENT MATERIAL VOLUME MASS CENTROID COORDINATES

NUMBER TYPE (CC) (GRAMS) X Y z
191 4 0.703€ 02 0.422€E 01 =-1.,92 -7.74 70,70
192 4 0.664E Q2 0.399€ 01 -1.92 -8.14 64,96
193 4 0.632E 02 0.379€ 01 1.50 10.70 78.03
194 4 0.650E 02 0.390E 0Ol 1.50 5.51 79.99
195 4 0.225E 02 0.135E 01 1.50 -0.93 79.64
196 4 0.245E G2 0.147€ 01 1.50 -5.94 76.64
198 4 0.677E 02 0.406E 01 1.90 -8.96 64.79
199 4 0.612€ 02 0.367€ 01 4.92 10.15 77.43
200 4 0.658E 02 0.395E 01 4.92 5625 T9.15
201 4 0.359E 02 0.215€ 0Ol 4.92 -0.68 78,77
202 4 0.332€ 02 0.199€ 01 4.92 -5.32 75.99
203 4 0.703€ 02 0.422€ 01 4.92 -7.74 70.70
204 4 0.664E 02 0.399E 01 4.92 -8.14 64.96

GROUP 0.217E 05 0.253€ 05 1.50 6.08 38.05
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1.

THE 3X3X3 PSEUDO SFHERE

NODAL POINT COORDINATES AND BOUNDARY CONDITIONS (SYMBOL

SECTION I1

DESIGNATES FIXED COORDINATE)

NODAL
POINT

-
O VO ~NOVELWN -~

o P st Pt et b
VOO ADPWN

NNNNDNNNKN
VS WUN=O

NN
Vo~

X

BOUNDARY

CCNDIVIONS

Y

)4

X

-4.76891
0.0
4.76891

-5.84070
0.0
5.84070

~-4.76891
0.0
4.76891

-5.84070
0.0
5.84070

-8.26000
0.0
8.26000

-5084070
0.0
5.84070

~-4.76891
0.0
4.7T6891

-5.84070
0.0
5.84070

-4.76891
0.0
4.76891

-5.11532

-5.69267
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COORDINATES

Y

-4.76891
-5.84070
-4,76891

0.0

0.0

0.0

4,.76891

5.84070

4.76891
-5.84070
~8.26000
-5.84070

0.0

0.0

0.0

5.84070

8.26000

5.84070
-5.84070
-4.76891

0.0

0.0

0.0

4.76891

5.84070

4,76891
-5.11532
~5.69267

HEAD~HELMET MODEL

z

-4.76891
-5.84070
-4.76891
-5.84070
-8. 26000
-5.84070
-4,76891
~5.84070
~4.76891

[~ ReNeReNoNoN-Neol

CO0O00000O0

0.0
4.76891
5.84070
4.76891
5.84070
8.26000
5.84070
4.76891
5.84070
4.76891
-5.11532
~5.69267

'Fo
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NODAL BOUNDARY COORDINATES
POINT CONDITIONS
X Y 4 X Y 4

30 -5.89474 -~5.89474 -5.89474
31 0.0 -6.26496 -6.26496
32 0.0 -6.97207 -6.97207
a3 0.0 ~-T.21956 -7.21956
34 S«11532 -5.11532 -5.11532
35 5.69267 -5.69267T -5.69267
36 5.89474 -5.89474 -5.89474
37 -6.26496 0.0 -6.26496
38 -6.97207 0.0 -6.97207
39 -7.21956 0.0 -7.21956
40 0.0 0.0 -8.85999
41 0.0 0.0 -9.85999
42 0.0 0.0 10.21000
43 6.26496 0.C ~-6.26496
44 6.972C7 0.0 -6.97207
45 T7.2195¢6 0.0 -7.21956
46 -5.11532 5.11532 -5.11532
47 -5.69267 5.69267T -5.69267
48 ~-5.89474 5.89474 -5.89474
49 0.0 6.26496 -6.26496
50 0.0 6.97207 -6.97207
51 0.0 7.2195%6 -T.21956
52 5.11532 95.11532 -5.11532
53 5.69267 5.63267T -5.69267
54 5.89474 5.89474 -5.89474
55 ~6.26496 -6.26496 0.0

56 -6.97207 -6.972C7 0.0

57 -7.2195¢ -T7.21956 0.0

58 0.0 ~-8.85999 g.0

59 0.0 -9.85%999 0.0

60 0.0 '10-21000 0.0

61 6.26496 -6.26496 0.0

62 6.97207 ~-6.97207 0.0

63 T.21956 -7.21956 0.0

64 -8.85999 G.0 C.0

65 “9085999 000 0.0

66 10.21000 0.0 .0

67 8.85599 0.0 g.0

68 3.85999 C.0 0.0

69 10.21000 0.0 G.0

70 -6.26496 6.26496 0.0

71 -6.972017 6.97207 0.0

72 ~-7.21956 7.219%6 0.0

73 0.0 8.85999 0.0

T4 0.0 3.854999 0.0

15 C.0 10.21000 c.n

76 6.26496 $.26496 C.0

17 6.97207 6.972C7 c.0

78 71.21956 7.21956 c.0



NODAL
POINT

79
80
8l
82
83
84
85
86
87

X

BCOUNDARY

Y

CONDITIONS

z

X

~5.11532
0.0
5.11532

-6.26496
0.0
6.26496

"5.11532
0.0
5.11532
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COORDINATES

Y

-5.,11532
"6026‘096
~5.11532
0.0
0.0
0.0
5.11532
6.26496
5.11532

z

5.11532
6.26496
5.11532
6.26496
8.85999
6.26496
5.11532
6.26496
S.11532



2. CONNECTION ARRAYS

ELEMENT
NUMBER

PN bee oo put jus st Pt Pt i e s
O VONOPOPVNPWNOODNNON P WN -

NNNNNNNNN
~NOVSWN -

WWWWNN
WN~O O W

W W
o Wn

W W
® ~

Sw
(=T}

NODAL POINT NUMBERS

(ELEMENT POSITIONS,

2 S 4 10
3 6 5 11
5 8 T 13
& 9 8 14
11 14 13 19
12 15 14 20
14 17 16 22
15 18 17 23
1 4 5 31
2 5 6 34
4 7 8 40
5 8 9 43
10 1 2 58
11 2 3 61
12 3 6 67
15 6 9 76
18 9 8 73
17 8 7 70
16 7 4 64
13 4 1 55
19 10 11 80
20 11 12 81
21 12 15 B4
24 15 18 87
27 18 17 86
26 17 16 85
25 16 13 82
22 13 10 79
20 23 22 79
21 24 23 80
23 26 25 82
24 27 26 83
28 37 40 32
31 40 43 35
37 46 49 41
40 49 52 44
55 28 3l 59
58 31 34 62
61 34 43 68
67 43 52 77
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1 70 8)
11 i4
12 15
14 17
15 18
20 23
21 24
23 26
24 21
28 37
31 40
37 46
40 49
ss 28
58 21
61 34
&7 43
16 s2
73 49
70 46
c4 37
19 5%
80 58
81 &1
84 &7
87 76
g6 73
85 70
82 b4
80 83
81 84
83 86
g4 87
29 38
32 ai
38 47
41 50
56 29
56 32
62 35
68 44

13
14
16
i7
22
23
25
26
40
43
49
52
31
34
43
52
49
46
37
28
58
61
67
16
73
70
b4

82
83
85
86
41
44
50
53
32
35
44
53

MATERIAL
TYPE
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ELEMENT
NUMBER

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

73
70
64
55
32
35
41
44
59
62
68
17
74
71
65
56

16
73
70
64
29
32
38
41
56
59
62
68
17
T4
71
65

NODAL POINT NUMBERS
(ELEMENT POSITIONS,

52
49
46
37
38
41
&7
50
29
32
35
o4
53
50
47
38

49
46
37
28
4l
44
50
53
32
35
44
53
50
47
38
29
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74
71
65
56
33
36
42
45
60
63
69
78

75

72
66
57

1 T0 8)
17 53
14 S0
71 47
65 38
30 39
33 42
39 48
42 51
57 30
60 33
63 36
69 45
18 54
15 51
T2 48
66 39

50
&7
38
29
42
45
51
54
33
36
45
54
51
48
39
30

MATERIAL
TYPE
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3. COMPUTED PARAMETERS FOR THE ELEMENTS

ELEMENT MATERIAL VOLUME MASS CENTROID COORDINATES
NUMBER TYPE (ce) (GRAMS ) X Y z

1 1 0.226E 03 0.475%E 03 -3.09 -3.09 -3.09
3 1 0.226E 03 0.47%€ 03 -3.09 3.09 -3.09
7 1 0.226E 03 OC.475€ 03 -3.09 3.09 3.09
8 1 0.226E 03 0.475& 03 3.09 3.09 3.09
9 2 0.176€E 02 0.535E 02 —-2.75 =2.7% -6.40
10 2 0.176E 02 0.535E 02 2.T5 =2.75 =~6.40
11 2 0.176E 02 0.535€ 02 -2.75 2,75 -6.40
12 2 0.176€ 02 0.535E 02 2.7T5 2.7% -6.40
13 2 0.176E 02 0.535E 02 ~2.75 ~6.%40 -2.75
14 2 0.176E 02 0.535E 02 2.T5 -6.40 -2.75
15 2 0.176E 02 0.53%E 02 65.40 <=2,75 =-2.75
16 2 0.176E 02 0.535¢ 02 6.40 2.7%5 -2.715
17 2 0.176E 02 0.535E 02 2.T5 6.40 -2.75
18 2 0.176€E 02 0.535E 02 —2.75 6.40 -2.75
19 2 0.176E 02 0.535E 02 -6.40 2,75 =2.75
20 2 0.176€ 02 0.535€ 02 -6.40 -2.75 -2.75
21 2 0.176E 02 0.535E 2 ~-2.75 -6.40 2.75
22 2 0.176E 02 0.535E 02 2.75 -6.40 2.75
23 2 0.176E 02 0.535t 02 6.40 -2.75 2.75
24 2 0.176E 02 0.535¢ 02 6.40 2.5 2.75
25 2 0.176E 02 0.535€ 02 2.75 6¢40 2475
26 2 0.176E 02 0.535E 02 ~-2.75 6.40 2,75
27 2 0.176E 02 0.535k 02 ~6.40 2.75 2,75
28 2 0.176E 02 0.535E 02 =640 ~2.75 2475
29 2 0.176E 02 0.535E 02 -2.75 =~2.75 6.40
30 2 0.176E 02 0.535E 02 2.75 =2.75 6440
31 2 0.176E 02 0.535E 02 -2.75 2.75 6.40
32 2 0.176€ 02 0.535€ 02 2.75 2.75 6.40
33 3 0.351€ 02 0.432E 02 -3.00 -~3.00 -7.00
34 3 0.351E 02 0.432E 02 3.00 -3.00 -7.00
35 3 0.351E 02 0.432E 02 -3.00 3.00 -7.00
37 3 0.351€ 02 0.432€ 02 -3,00 ~7.00 -3,00
38 3 0.351E 02 0.432 02 3.00 i.00 -3.00
39 3 0.351€ 02 0.432E 02 7.00 -3.00 -3.00
40 3 0.351€E 02 0.432E 02 7.00 3.00 -3.00
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ELEMENT MATERIAL

NUMBER

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

TYPE

PPV IOWVWW

GROULP

VOLUME

(cC)

0.351€
0.351¢E
0.351E
0.351E
O.141E
0.141€
0.141E
0.141E
0.141E
O.141E
0.141E
0.141€
0.141E
0.141E
0.141E
0.141E

0.282E

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

04
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MASS

{GRAMS)

0.432E
0.432E
0.432E
0.432E
0.844E
0.844E
0.844E
0.844E
0.844E
0.844E
0.844E
0.844E
0.844E
0.844E
0.844E
0.0844E

0.661E

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

04

CENTROID COORDINATES

X

3.00

-3.00

-7.00
-7.00
'3.22
3.22
‘3.22
3,22
‘3.22
3.22
7.50
T.50
3.22
‘3.22
'7050
-7.50

0.0

Y

7.00
7.00
3.00
-3.00
-3.22
"’3.22
3.22
3.22
-7.50
~-7.50
-3.22
3.22
7.50
7.50
3.22
""30 22

C.0

z

-3000
“3.00
"3-00
"3.00
"7.50
-7050
-7.50
-7‘50
-3.,22
-3.22
~3.22
-3.22
-3-22
"3‘22
-3022
‘3-22

-1.05




SECTION III
COMPUTER SERVICE LISTING IN FORTRAN

LISTING OF SERVICE, WHICH IS WRITTEN IN FORTRAN AND CALLS

UPON FACILITIES AND SUBPROGRAMS OF THE 18M OPERATING SYSTEM AND
THE CALCOMP PLOTTER. SERVICE SUCCESSFULLY PERFORMS ALL OF THE
OPERATIONS REFERRED TO IN THIS REPORT BUT SOME CHANGES MAY BE
REQUIRED IN THE STATEMENTS IN ORDER TO USE DTHER FEATURES OF THIS
PROGRAM.

OO0

(N aXal

10
20

30

40

50
55

DIMENSIONING AND INITIALLIZATION

DIMENSION 1A(500,8), IC(500,8), NI(500), NK(500)

DIMENSION IE(1000,2), X(1000,6), P(1000,4), W(1000,4)
DIMENSION A(14), AA(3,3,3), BB(20), BOR(6)y C(3,43), EXT(6)
DIMENSION T(3), TE(6,2)s 22(20)

DIMENSION SG(500), NT(1000),AC(8,3), SD(3,3)

DIMENSION VE(500)y WT(500), CE(3), CG(3),SGT(1¢)

INTEGER TASK

COMMON AyAAsACBByBORyCyCE9CGoEXT P ySD 9SG oSGT o T TELVE»WoWT 4 X
COMMON TA,IC,yIEsNI¢NKyNT,TASK

COMMON IBUGy NELy NLs NNPy NPy NUM

REAL MIN1l, MIN2, MAX1l, MAX2

READ (5, 10) Uy Vy NHWe IBUG

FORMAT (2F5.0, 215)

WRITE (69 20) Uy V, NN, [BUG

FORMAT (10X 2F10.2y 2110)

CALL GSIZE (Uy Vy NW)

INPUT DATA ON SAMPLE

READ (8, 30) NELs NNP

FORMAT (1615)

WRITE (6s 30) NELs NNP

READ (8, 40) ((X(I,J), J=1,3), I=1,NNP)
FORMAT (725, 36G10.0)

READ (8, 40) ((X{I,J)y J=4s6)y Ix=1,NNP)
WRITE (6y 50) ((X{I4J)s J=1,6), 1 = 1,NNP)
FORMAT (20X, 6F15.3)

FORMAT (115, 10X, 6F15.3)

READ (8, 60) ((IC(E,J), J=1,8), I=1,NEL)
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OO0

60
65

70

125
130
182
183

300
80

85

WRITE {6, 182}

WRITE(6, 65) (I, (IC(IsJ)y J=1+B},y i=14NEL)
FORMAT (T1, 815)

FORMAT (T5, [5, 10X, 8I5)

DO 70 1 = 1y NNP

DO 70 b = 1, 3

X(1s4#3) = X(I,J+3) - X{(1,J)

WRITE (6, 183)

WRITE (6, 55) (I, (X{IsJ)y J=1s6)y I=1,NNP)
FORMAT (20A4)

FORMAT (20X, 20A4/)

FORMAT (/7)

FORMAT (7/7)

TASK MANAGEMENT

READ (5, 8C, END=9999) 2Z, TASK, NUM, A
FORMAT (20A4y T1l, 2I5, 1465.0)
WRITE (6, 85) 11

FORMAT (//° TASK, NUM, SPECIFICATIONS % ', 20A4//)
IF (TASK .EQ. 380) IBUG = NUM
IF (TASK .EQ. 395) GO TO 395
IF (TASK .EQ. 400) CALL 5400
IF (TASK .EQ. 450) CALL 5400
IF (TASK .EQ. 500) CALL 5500
IF (TASK .EQ. 600) CALL S600
IF (TASK .EQ. 700) CALL ST700
IF (TASK JEQ. 730) CALL S700
IF (TASK .EQ. 800) CALL SBOO(V)
IF (TASK .EQ. 820) CALL 5820
IF (TASK .EQ. 900) CALL S90C
IF (TASK .EQ. 901) CALL S900
IF (TASK .EQ. 925) CALL 5925
IF (TASK .EQ. 950) CALL S950
IF (TASK .EQ. 951) CALL S§950
IF (TASK .EQ. 960} CALL 5960
IF (TASK .EQ. 975) CALL $975
IF €TASK .EQ. 980) CALL S975
IF (TASK .EQ. 1000) CALL 51000
IF (TASK .EQ. 1020) CALL 51000
If (TASK .EQ. 1200) CALL S$S1200
IF (TASK .EQ. 1400) CALL S1400
IF (TASK .EQ. 1500) CALL S1500
IF (TASK .EQ. 1600) CALL S$1600
IF (TASK .EQ. 1800) CALL S1800
IF (TASK .EQ. 1900) CALL S1900
IF (TASK .EQ. 2000) CALL 52000
X820 = 0.0

Y820 = 0.0

IF (TASK .EQ. 9999) GO TO 9999
GO T0O 300

PRINTOUT MESSAGE
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c

C
c
c

395

398

9999

400

WRITE (&6, 183)
IF (NUM .EQ. O) NUM = 1
00 398 I = 1, NUM
READ (5, 125) B8
WRITE (6, 130) BB
GO TO 300
CONT INUE
CALL PLOT (Uy V,y 999)
svopP
END
SUBROUTINE NUMB (I,HE)}
DIMENSION TA(500,8)y IC(500+8)s NI(500)s NK(500}
ODIMENSION [E(1000,2), X{100056), P{LO00,&), W(1000,%)
DIMENSION A(14), AA(3,3,3), BB(20), BOR(6), Ct3,3), EXT(6)
DIMENSION T(3), TE(6+2), 21(20)
DIMENSION SG(500), NT(1000),AC(B,3), SD(3,3)
OIMENSION VE(500)s WT{500), CE(3)y CG(3),S56T{14)
INTEGER TASK
COMMON A3 AAsACyBB¢BORCoyCEsCGIEXT 4P ySDsSGeSGToToyTEIVE oW, NWTo X
COMMON TA,IC,IENI NK,NT,TASK
COMMON IBUGs NELs NLs NNP,; NPy, NUM
IFUIBUG +GE. 15) WRITE(641) I,P{Is1),P(1,2)4HE
FORMAT(T5,G15.5)
CALL NUMBER (P{I,1)sP(1,2))HE,FLOATLI),0,-1)
RETURN
END

SUBROUTINE 5400

DIMENSION IA{(500,8), IC(50048)y NI(500), NK(500)

DIMENSION IE(100052)9 X{1000,6)y P(1000,4), W(1000,4)
DIMENSION A(14)y AA(393,3), BB(20)y BOR(OE),y C(3,3)y EXT{&)
DIMENSION T(3), TE(6,2), 22120)

DIMENSION SGI500)y NT(1000)+AC{8s3)y SD{3,3)

DIMENSION VE{(500), WT{500), CE(3), CG(3),S6T({14&)

INTEGER TASK

COMMON A AA AC+BBsBORyCoyCEJCGoEXT 9P 3SD 9SG sSOT T TEJVE o N NWT, X
COMMON TA,IC,JE NIsNK¢NToTASK

COMMON IBUG, NEL, NLs NNP, NP, NUM

IF (TASK .EQ. 450) GO TO 450

NUME 1=NUM+1

GO TO (40045950,100,200), NUMEL

LOAD ORIGINAL INTO WORKING ARRAY

DO 4101 = 1, 3
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OO0

Ocon

410

420

440

450

460

470

60

10
20

50

61

100

110

120

125

A(I) = 1.0
DO 420 1 =
A(I) = 0.0
IF (IBUG .GT. 10) WRITE (6+440) ((WllIsddy J = 1y 3)e I = LlyNNP)
IF (IBUG .GT. 10) WRITE (6, 60) ((IA{L4J)y J = 1l¢ B)y T = 1y4NEL)
FORMAT (T20y 3Gl5.4)

4y 14

LOAD WORKING ARRAY, ALLOWS EXAGGERATION

DO 460 1 = 1, NNP

Wil,4) = 1.0

DO 460 J = 1, 3

WlleJ) = AlJ) * X{I,Jd) + A(J+3) « XUI,J+3)
DO 470 I = 1, NEL

NILI) =1

DO 470 J = 1, 8

TIA(L,J) = 1IC(1,J)

NP = NNP

NL = NEL

IF {IBUG .GT. 10} WRITE (64440) {(WlIyJd)s J = 1y 3)y I = 1, NP)
IF (IBUG .GT. 10) WRITE (6, 60) ({IA(TI4J)y J = 1y 8)y I = 1, NL)
FORMAT (T1l, BIS5)

RETURN

EXPANSION & INVERSION

I5=A(4)

IF=A(5)

DO 10 I=IS.IF

DO 10 J=1,3

WL, J)=A0J )l WL J)=WLI+5,0) )+l Je¢5,0)

IF(IBUG.GE.15) WRITE(6420) I,J:A(J)ALI+5),WlTyJ) W(J45,J)
FORMAT(/,T10,6G15.5)

RETURN

TRANSLATION

[S=A(4)

[F=A(S)

DO 61 [=1S,IF

DO 61 J=1|3

WlT,Jd)=W{Il,J)+A(J)

IF(IBUGL.GE.L15) WRITE(6920) JyJsW{LlyD)yA(J)

RETURN

TO INSERT THE COORDINATE AXES

DO 110 1=1,3

DO 110 J=1,7

WiNP+J,I) = 0.0

DO 120 I=1,3

IF(ALL) .EQ. 0.0) ALYI)=1.0
WINP+I#1l,1)=A(1)

WINP+I#4,1) = WINPEI41,1)%AL8)
IMIN=W{1,3)

DO 125 I=2,NP

TF{W({Ie3) LT, ZIMIN) ZMIN=w(],3)
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DO 130 I=1,.7

130 WINP+143)=W(NP+I,3)+IMIN+A(4)
DO 140 I=1,8
TA(NL+1,1)=NP+1

140 TA(NL+2,1)=NP+]
TA(NL+1,1)=NP+3
IA(NL+1,5)=NP+3
TIA(NL+1,3)=NP4+2
TA(NL+1,7)=NP+2
DO 150 I=5,8

150 TAINL#+2,1)=NP+4
TRY IF THE CONNECYION ARRAY IS CORRECT
DD 151 I=1,8
WRITE(6,152) I1A(NL+1,I)
WRITE(64152) TA(NL#2,I)

151 CONTINUE

152 FORMAT(//815)

D0 155 I=1,2
155 NI(NL+I)=NL+]
NP=NP +7
NL=NL +2
RETURN
TO REMOVE THE COORDINATE AXESe.
200 NL=NL-2
NP=NP -7
TEST OF THE RETURN OF THE NP AND NL
WRITE(69201) NL.NP,ZMIN
201 FORMAT(//72110,10X4F10.3)

RETURN
END

SUBROUTINE S500

DIMENSION [A{(500,8), IC(500,8}, NI{S500), NK(500)

DIMENSION IE(1000,2)y X{1000,6), P{1000s4)y W(1000,4)
DIMENSION A(14), AA(3,3,3), BB(20), BOR(6), C(3,3), EXTL(6)
DIMENSION T(3), TE(642), Z2(20)

DIMENSION SG(500), NT(1000),AC(843), SD(3,3)

DIMENSION VE(500), WT(500), CE(3), CG(3),SGT(1¢)

INTEGER TASK

COMMON A AA AC+BB4BORCoCE sCGvEXT 9P oSD oSGy SOT o ToTEVE sWeWT 4 X
COMMON TA,IC,IE4NI NKoeNT,TASK

COMMON TBUGe NEL, NL, NNP, NP, NUM
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e EaNe]

500
510

530

520

525

536

526
1223

600

605

610

PROJECT POINTS

DV = A(l)

DO 510 1 = 1, NP

IF (DV LY. W({Is3)) DW = W(i,3) + DV

IF (DV .NE. A(1)) WRITE (6, 530) DOV, All)

FORMAT (2E20.5)

DO 520 1 = 1, NP

D=0V /7 (DV - H{I,3))

IF (IBUG .GE. 10) WRITE (64 1223) D, DV, W{l,3)

PlI,1) = D = wW(l,1l)

P(1,2) = D * H(l'Z)

IF (IBUG .GV. 10) WRITE (6, 525) ((PlIsd)yJd=142)y I=1,NP]}
FORMAT (T15, 2F20.3)

DO 536 I = 1, NP

P(Is3) W(l,3)

Plly4) SQRT{(DV-W{I,3)) *%x 2 + wW{l,2) *« 2 &+ 4(l,1) *= 2)
IF (IBUG .GE. 25) WRITE (6, 5261 ((P{I,J)eJd=1s4)yl=1yNP), OV
FORMAT (T15, 4E15.4)

FORMAT (//76E20.6)

RETURN

END

SUBROUTINE S600

DIMENSION 1A(S00,8), IC{500,8), NI(500), NK(5Q0Q0)

DIMENSION [E(1000,2), X{100046)y P{1000,4), W{1000,4)
DIMENSION A(14), AA(3,3,3), BB(20), BOR(6), C{3,3), EXT(6)
DIMENSION T(3), TE(642)y 21(20)

DIMENSION SG(500), NT(1000),AC(8;3); S50(3,3)

DIMENSION VE(500), WT{500), CE(3); CG(3),56T(]l4)

INTEGER TASK

COMMON AsAA;ACyBByBORsCsCEsCGIEXT 4P SDsSGaSOGT o T TEZVE Wy WT o X
COMMON TALIC,TENTNKy,NT,TASK

COMMON 1BUGs NEL, NL, NNP, NP, NUM

ROTATE

ACl) = A(1) * 1,74533€E-2

Al2) = A(2) & 1.76533E-2

A{3) = A(3) * 1.74533E-2

FORMATY (///73E20.5//3E20.5//3E20.5//)
DO 610 I = 1,4 3

DO 610 J =1, 3

DC 610 K = 1, 3

AAlLL,J4K) = O

DO 620 K = 1,e3
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620

630

640

650

660

670

680
690

180
440

DO 620 1

AA(]I,14K)
AA(2,2,1)
AA(3,3,1)
AA(l,1,2)
AA(3,3,2)
AA(1l,1,3)
AA(2,2,3)
AA(34241)
AA(2,3,1)
AA(3,1,42)
AA(1,3,2)
AA(241,3)
AAll,2+3)
IF (1IBUG

IF (1BUG

L =2

DO 640 1

DO 640 J

CliyI) =

= 1'3

= 1

COS(A{(L))
AA12,2,1)
COS(AC2))
AA(1,1,2)
COS(AL(3))
AA(1ls1,3)
-SIN(ALL))
-AA(3,2,1)
SIN(A(2))
-AA(3,1,2)
-SINLA(3))

= =AA(2,1,3)
«GE. 5) WRITE (6,
«GE. 5) WRITE (6,

180)
605) AA
= 11 3

= 1y 3

0.0

DO 640 K = 1, 3

Cldel) = ClJy1) <

IF (L LEQ
DO 650 1
D0 650 J
AA(T,44,2)
L =3

60 70O 630
CONT INVUE
IF (1BUG
DO 690 L
PO 670 1
T(I) = O.
DO 670 J
T(I) = T¢{
DO 680 1
WiL, ) =
CONT INUE
IF (IBUG
FORMAT (*
FORMAT (T
RETURN
END

AA(KS T L-1) * AALJK, L)

« 3) GO TO 660
= 1lg 3
= 1, 3

= C(14Jd)

+GE. 5) WRITE (6, 605) C
= 1' NP
= 1y 3

0

= 1s 3

[y +

= 1y 3

TLI)

ClIel) * NH(L,J)

.Gr.
1)
20,

10) WRITE (6,440)

3615.4)

SUBROUTINE S700

DIMENSION 1A(500,8),

IC(500,8),s NI{500), NK(500)
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2NeaNel

[(aNaNel

700

710

720

730
740

440
525

DIMENSION TE(10004,2)y X{1000,6}y P{L10O00s4)y W(1000,4)
DIMENSION A(l4), AA(3,3,3), BB{(20], BORi(6), C(3,3), EXT(6)
DIMENSION T(3), TE(642), ZZ(20)

DIMENSION S56{500), NT(1000),AC(843), SD{3,3)

DIMENSION VE(500), WT(500), CE(3)y CG(3),5G6T(14)

INTEGER TASK

CU"HDN ApAA,AC.BB,BOR:C'CE|CGIExT’POSD’SG'SG"':{ 'TE’VE'“'HTQK
COMMON TA.IC,IE;NIsNKyNT,TASK

COMMON TBUG, NEL, NL, NNP, NP, NUM

IF (TASK .EQ. 730) GO 7D 730

CENTERING

MAX1 = ~1.0E75
MAXZ2 = MAX1
MINL = -MAX1
MINZ = MIN1

DO 710 I = 1, NP

IF (W(I,1) .GT. MAX1) MAX1 = Wil,1i
IF (W{1,2) .GT. MAX2) MAX2 = W{I,2)
IF (W(Is1) .LT. MIN1) MINLl = W(I,1)
IF (W(I,2) LT, MINZ2) MINZ = WlI,2)

Cl = (MAX]1 + MINL1) /7 2,0

C2 = (MAX2Z + MIN2) /7 2.0

IF (IBUG .GT. 10) WRITE (64 5251 Cls C2s MAX1, MINL, MAX2, MIN2
DO 720 I = 1, NP

W(Isl) = WiI,1) - C1

H(I’Z) = H(I'Z) - L2

IF (IBUG .GT. 10) WRITE (6,440) {((W{i,d}y J = 1y 3)y T = 1, NPI
RETURN

SHIFYT LEFT AND/OR LOWER THE PROJECTION POINT

DO 740 1 = 1, NP

WlIs1l) = WlI,1) + A(1]l)

WlIe2) = WI1,2) + A(2) )

IF (IBUG .GT. 10) WRITE (6,440) ((W{I,d)s J = 1y 3)y I = 1, NP)
FORMAT (T20, 3G1l5.4)

FORMAT (T15, 2F20.3)

RETURN

END

SUBROUTINE S800 (V)

DIMENSION 1A(S500,8)y IC(500,8)y NI(500), NK(5CGU)

DIMENSION 1E(1000,2), X(1000,6), P(1000,4), W(1000,4)
DIMENSION A(l4), AA(3,3,3), BB(20)}: BOR(6), C(343), EXT(6]}
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(aNalel

DIMENSION T(3), TE(6,2)y 2Z2(20)
DIMENSION SG(500), NT(1000),AC(8,3), SDI3,3)

DIMENSION VE(S500), WT(500), CE(3)y CG(3),S6T{14)

INTEGER TASK

COMMON A,AA,AC+BBoBORsCoCE»CGEXToPoSDsSGSGT,T, te.ve.u.ur.
COMMON I1A,IC,EE,NI o NKyNT,TASK

COMMON 1BUG, NELj, NLy NNP, NP, NUM

COMMON /FRAME/ AH AW XBsYB o XKo YV Wiy XB20,Y820 ¢ XMAX jYMAX o XMEN,YMIN

SCALE

800 AW = A(1l)
AH = A(2)
AB = A(3)
SR = A(4)
XX = Al5)
IF(IBUG.GE.15) WRITE(641223) A
IF (AW .LE. 3.0 * AB) AB = 0.0
IF (AH .LE. 3.0 * AB) AB = 0.0
IF (SR .£Q. 0.0) SR = 1,0
YY = (V - AH) / 2.0
IF (A(6) .GT. 0.0) YY = A(6)

X8 = XX

Yg = YY

XMAX = -1.0E75
YMAX = XMAX
XMIN = -XMAX
YMIN = XMIN

DO 810 I = 1, NP
IF(IBUG.GE.25) WRITE(6,1223) Plls1),P([,42)
IF (PlI,1) .LT, XMIN) XMIN = P(1,1)
IF (P{I,2) LTe. YMIN) YMIN = P(I,2)
IF (PlI,1) .GT. XMAX) XMAX = P(I,1)
810 IF (P(I,2) .GT. YMAX) YMAX = P(1,2)

XD = XMAX - XMIN

YD = YMAX - YMIN

XW = XD /7 (AW - 2.0 * AB)
YH = YD /7 (AH - 2.0 * AB)
WM = 1,0 / YH

IF (XW .GT. YH) WW = 1.0 /7 XW
WW = SR * WW
XX = XX 4+ (AW - XD * WW) / 2.0
YY = YY ¢+ (AH - YD * WW) / 2.0
IF(IBUG.GE.15) WRITE(64815) XX3XDo¢XMAX,XMIN,
* YY,YDyYMAX,YMIN,WW,SR
815 FORMAT (//4F15.4//74F15.44 30Xy 2F15.4)

1223 FORMAT (/6E20.6)

RETURN
END
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820

SUBRUOUTINE 5820

DIMENSION 1A(500,8), IC{500,8), NI{500}, NK(500)

DIMENSION IE(1000,2)s X(1000,6)s PU1000,4), W(1000,6)
DIMENSION A{14), AA(3,3,3), BB(20), BOR(6)}, C(3,3), EXT(6)
OIMENSION T(3), TE(6,2), 11(20)

DIMENSION SG(500), NT(1000),AC(8,3), SD(3,3)

DIMENSION VE(500), WT{S500), CE(3), CG(3),56Fl14)

INTEGER TASK

COMMON A, AA, ACyBB+BORsCyCEWCGrEXTyP SOy SGoySOGT o Ty TEyVEsWoWT X
COMMON TA.ICoyIEJNI,NKyNT, TASK

COMMON 1BUGy NELy NLy NNP, NPy, NUM

COMMON /FRAME/ AHsAWsXByYB s XXy YY W, XB820,YB20 ¢ XMAX o YMAX s XMIN, YMIN

SHIFY OFFSET FACTORS

XX = XX + Al(l}
YY = YY + A(2)
X820 = A(l)
Y820 = A(2)
RETURN

END

SUBROUTINE S900
DIMENSION IP{12,2)

CHESEERSERE SRS RRERREE RSB RERES G SR X SR RENERRR R ELEERBEAE QPR EERER AR RRE X EER R

C
C
C

900

DIMENSION [A{500,8), IC(500,8)s NIC(500), NK{(S0Q0)
DIMENSION IE(100042), X{10Q0:6), P{1000:4), W(10Q0,4)
DIMENSION A(14), AA(3,3,3), BB(2Q), BOR(6), Cl343), EXT(6)
DIMENSION T{3), TE(6,2), 21(20) ‘
DIMENSION SG(500), NT(1000),AC(B,3), SD(3,3)
DIMENSION VE(500), WT{500), CE(3), C6(3),S6T(14)
INTEGER TASK
COMMON A,AA AL ¢BByBORyCoyCELCGrEXT P sSDsSGoSOT o T o TELVE o WT, X
COMMON TA,IC,IE+NI,NK:NT,TASK
COMMON 1BUGy NEL, NLs NNP. NP, NUM
COMMON /FRAME/ AH AW XB YB XX oYY WW,X820,YB20,XMAX, YMAX, XMIN, YNIN
D‘TA Ip ,1' 2’ 3' ‘0' 51 6' 7’ 8' 1' 2! 3' Q‘
* 2' 3' ‘0' 1' 6' 7' 8. 5' 5; 6' 7; 8’

PLOT FIGURE

CALL PLOT (XX, YY, -3)
[F{IBUG.GE-15) WRITE(6,529) XX,YY

905 FORMAT (// 110, 2F15.3//110, 2F15.3)

DO 910 I = 1y NP
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s Nale

910
915

920
921
525

925

930

PlIsl) = (PUIsl) - XMIN) * Wk

P(Ie2) = (P(14+2) — YNIN) *= WW

FORMAY (////% ELEMENT %, 110)

IF (IBUG «GE. 10) WRITE (69 525) ((P(IsJ)sJd=192)y LI=14NP)

1F (TASK .EQ. 901) GO 7D 921

DO 920 JJ=1,NL

J=NI(JJ)

IF (IBUG .GE. 18) WRITE (6, 915) J

DO 9201 = 1, 12

I1 = TAUJ,IP(I,1))

12 = 1A(S,IP(1,2))

IF (IBUG .GE. 18) WRITE (6, 905) 11.P(I1:1),P(11,2),
12,P112,1),P(12,2)

CALL PLOT (P{Il,1), PlIl,2), 3)

CALL PLOT (P(12,1), P(12,2), 2)

CALL PLOT (-XX, =YY, =3)

FORMATY (T15, 2F20.3)

RETURN

END

SUBROUTINE 5925

DIMENSION 1A(500,8)s IC(500+8), NI(500), NK(500)

DIMENSION 1E(1000,2), X(1000,6), P{1000,4), W{1000,%)
DIMENSION A(l4), AA(3,3,3), B8B(20), BOR(6), C{3,3), EXT(6)
DIMENSION T(3}), TE(6,2)y 2Z(20)

DIMENSION SG(500), NT(1000),AC(8+3)y SD(3,3)

DIMENSION VE(500), WT(500), CE(3), CG(3),SGT(14)

INTEGER TASK

COMMON A,AA,AC,BBBOR)CyCEyCGoEXT 9P 9SD9SGoSGT 9Ty TEJVEsWeNT,HX
COMMON TA,ICyIE,NIsNKyNT,TASK

COMMON IBUGy NEL, NL, NNP, NPe NUM

COMMON /FRAME/ AH AW ¢ XBoYB o XXo VY oWy X820 VYB20¢ XMAX o YMAX ¢ XMIN, YMIN

ELEMENT NUMBERING SEQUENCE

CALL PLDT (XXs YY, -3)

HE = 0.35

IF (A(l) .GT. 0.0) HE = A(1l)
DO 940 I = 1, NL

AB = FLOAT (NI(I))

XC = 0.0

YC = 0.0

PO 930 J = 1, 8

IF (IBUG.GE. 15)WRITE(6:905) AT 9J)oPlIA(LIsJd) 1) oP(TA(LJ),2)
XC = XC + P(IA(I4J)s1l)

YC = YC + P{IA(]I,J),2)
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[aNaNel

940

905

950

951

XC = XC /7 8.0

YC = YC / 8.0

iF {(IBUG .GE. 15) WRITE (6 905} i: XC, YC
XC = XC + HE /7 2.0

YC = YC - HE / 1.8

IF (I .GE. 10) XC = XC - HE / 2.0

IF (I .GE. 100) XC = XC - HE / 2.0
IF (I .GE. 1000) XC = XC - HE / 2.0
CALL NUMBER (XCy YC, HEy ABy 04 -1)
CALL PLOY (-XX, -YY, -3)

FORMAT (/7 110, 2F15.3//110, 2F15.3)
RETURN

ENO

SUBROUTINE $950
DIMENSION 1A(S500,8), IC{500,8)s NIL500)}, NK{(500)
DIMENSTION I1E(1000,2), X{1000,6), P{1000,4), W(10G0s4)
. «cNSION A(14), AA(3,3,3), BBl20), BORI(6})s CU3434, EXT(O6)
U«MENSION T(3), TE(6,2), ZZ(20)
DIMENSION SG(500), NT(1000),AC{8,3}, SD(3,3)
DIMENSION VE(500), WT(500), CE(3), CG(3),56T(14)
INTEGER TASK
COMMON A AALAC,BByBORCyCEJCOIEXT P +S09SGySOGT» T 4oTESVE W W WT X
COMMON TA,IC,TE NI ,NK,NT,TASK
COMMON IBUGy NEL, NL, NNP, NP, NUM
COMMON /FRAME/ AH AN XBy YB o XX, YY ,WW (,XB20,Y8209) XMAK, YMAX, XMIN, YMIN

NODAL POINT NUMBERING SEQUENCE

CALL PLOT (XX, YY, -3)

HE = 0.035

IF (A(1) .GV. 0.0) HE = A(l)
NPK = NP

IF (TASK .EG. 951) NPK = P(1,3)
IF (NUM .EQ. 0) GO TO 960

LIMO = 8 * NiL

NPK = LIMO

LIML)l = LIMO - 1

DO 951 I = 1, NL

J = (I-1) = 8

DO 951 K = 1, 8

NK(J+K) = [A(I, K}

DO 954 I = 1, LIMLI]

iPl =1 + 1

DO 954 J = IPl, LIMO

IF INK(I) LE. NK{J)) GO TO 954
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954

956

957

958
959

960
961
965

970

ITEMP = NK(I)

NK(I) = NK(J)

NK(J) = ITENP

CONTINUE

LIMB = 1

D0 957 I = LIMB, LIMLL
IPL = 1T + 1

DO 957 J = [Pl,y LIMO
Jd = J

IF (NK{I) .EQ. NK{J)) GO TO 958
CONTINUE

GO TO 965

DO 959 I = JJ, LIML]
NK({I) = NK(I+1)

NPK = NPK - 1

LIMO = NPKX
LIMLL = LIMO - 1
LIMB = JJ

IF (LIML1-LIMB .GE. O) GO TO 956
GO TO 965

DO 961 1 = 1, NPK

NK(I) = 1

D0 970 1 = 1, NPK

XC = PINK(I), 1)
YC = PINK(I), 2)
XC = XC + HE / 2.0
YC = YC + HE / 2.0

AB = FLOAT (NK(I))

CALL NUMBER (XC, YCy HEy AB, 0y -1}
CALL PLOT (~XXy» =YY, -3)

RETURN

END

SUBRDUTINE 5960

DIMENSION
OIMENSION
DIMENSION
DIMENSION
ODIMENSION
DIMENSION

IA(50048)y IC(500,8)y NI(500), NK(500)
IE(1000+2)y X(1000463y P(100044), W(1000,4)
All4), AA(3,43,3)y 8B(20), BOR(6), C{3,3), EXT(6)
T(3), TE(642)y 22120}

SG(500), NT(1000),AC(8,3), SD(3,3)

VE(500), WT(500), CE(3), CG(3),SGT(14)

INTEGER TASK

COMMON A,AA AC,BB4BORyCoCEYyCGoEXTsP oSDsSGeSGToT oTEWVEsWoWT, X
COMMON TA ICsIE NI NKyNT,TASK

COMMON IBUG, NEL, NL, NNP, NP, NUM

COMMON /FRAME/ AHoAW 2 XBo YB o XXy YY o WW o X820, Y8209 XMAX y YMAX o XMIN,YMI

CALL PLOT

(XXy YYy -3)
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OOCOOOOOODC

1640
1604
1610

1620

1625

100

110

1660

1641

1644
1642

1645

50
51

HE = 0.035
IF (A(l) .GT. 0.0} HE = All)

NUM = 1 INDIVIDUAL NODAL POINTS

NUM = 2 SELECT NODAL POINTS 8Y 3 DO-LOOP PARAMETERS

NUM = 3 SELECT SPECIFIC NODAL POINTS OR CONTIGUOUS NODAL
POINT STRINGS

NUM = 4 SELECT SPECIFIC NODAL POINYS AND PLOT THE CHARACTYERS

NUM = 5 TERMINATE

NUM = 6 SELECT AND PLOT ELEMENT NUMBER INDIVIDUALLY

GO TO 1610

READ(S5,1604) 2Z,TASK,NUMsA
FORMAT(20A4,47T1,215+14G65.0)

WRITE(6,1603) 22

IF(NUM ,EQ. 0) GO TO 300

GO TO (16204 100, 1660y 50, 300, 400)s NUM

READ(5,1602) 1Z,A

WRITE(6,1603) ZZ

DO 1625 I=1, l4

IF (IBUG .GE. 15) WRITE 16,1601) I4A(I}
CALL NUMB (IFIX(A(I)).HE)

GO TO 1640

READ{(5,1602) 2Z,A

WRITE(6+1603) 21

NAl = A1)
NA2 = A(2)
NA3 = A(3)

DO 110 I = NAl, NAZ, NA3

IF (IBUG .GE. 15) WRITE (6,1601) I,A{(T)
CALL NUMB (IFIX(A(I)),HE)

GO TO 1640

READ(5,1602) 2Z ,A

WRITE(6,1603) 22

DO 1645 I=1, 14

IF (A(I)) 1645,1640,1641

IF (1 .EQ. 14) GD TO 1642

IF (A{I+1) .GE. 0.0) GD TO 1642

NAl= All)

NA2 = -A(1+]1)

IF (NA2 .LT. NALl} GO TO L1645

DO 1544 J= NAL, NA2

IF iBUG .GE. 15) WRITE (6,160}) J,ALDN
CALL NUMB (IFIX(A(J))HE)

IF (IBUG .GE. 15) WRITE (6,160}) 1,A(I}
CALL NUMB (IFIX(A(T)),HE)

CONT INUE

GO TO 1640

READ(5,51) ZZ,(A(1)yI=]),]14)
FORMAT(20A49T1y7(F6.0y0A%})
WRITE(6,1603) 22

DO 52 I[=1ly14,2
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52

400

410

1605

1601
1602
1603

300

IF (A(I) .EQ. 0.0) GO TO 1640

IF (IBUG .GE. 15) WRITE (6,1601) I.A(I)

CALL SYMBOL (PUIFIX(ALIN)o1),PLIFIXCALT))o2)oHE,A(TI+1)+004)
GO TO 1640

SELECT ELEMENT NUMBER

READ (5,1602) Z2Z,.,A
WRITE(6,1603) 22

NEL=A(1)

IF (NEL .LE. 0) GO 7O 1640
TAN=TA(NEL,1)
SUMX=P(IAN,1)
SUMY=P(1AN,2)

DO 410 1=2,8

TAN=TA(NEL,T)
SUMX=SUMX+P(1AN,1)
SUMY=SUMY+P(TIAN,2)
SUMX=SUMX/8.0

SUMY=35UMY /8.0

IF (IBUG .GE. 15) WRITE (641605) SUMX, SUMY, HE, [AN, NEL
FORMAT(10X,3F20.5,2110)
CALL NUMBER(SUMX, SUMY,HE,FLOAT{(NEL) :0,-1)
GO TO 400
FORMAT{/110,20X,F20.5)
FORMAT (20A4,T1,1465.0)
FORMAT (T10,20A4)

CALL PLOT (-XXy-YYVy-3)
RETURN

END

SUBROUTINE S975

DIMENSION T1A(500,8), IC(500,8), NI{(500), NK{500)

DIMENSION 1E(1000,2)s X(1000,6)s PL1000,4), W(1000,.4)
DIMENSION A(14), AA(3,3,3), BB(20), BOR(6)e Cl3,3), EXT(6)
DIMENSION T(3), TEL6,2), 22120)

DIMENSION SG(500), NT(1000),AC(B,3), SD(3,3})

DIMENSION VE(500), WT(500), CE(3), CG(3),S6T(14)

INTEGER TASK

COMMON AsAAZAC BB yBOReC sCEsCGeEXT P oSDySGeSOT o THoTEZVE W NT, X
COMMON TA,IC,IENIsNK,;NT,TASK

COMMON IBUGs, NEL, NL, NNP, NP, NUM

COMMON /FRAME/ AH AW XB YB3 XX oYY oWW o, XB209YB20¢XMAX, YMAX o XMIN,YMIN
IF (TASK .EQ. 980) GO TO 980
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980

1000

1010

BORDER DRAWING SEQUENCE

CALL PLOT (XB, YBy -3)
CALL PLOT(OQ.0, 0.0. 3)
CALL PLOT(AW, 0.0,y 2)
CALL PLOT(AW, AH, 2]}
CALL PLOT(0.0, AH, 2)
CALL PLOT(0.0, 0.0, 2)
CALL PLOT(-XB, -YB, -3}
RETURN

BORDER TO ENCLOSE STEREO PAIR (CALL AFTER B20 CORMAND)

CALL PLOT(XBy YBy -3)
AW = AW + X820

AH = AH+YB820

CALL PLOT(U.0, Y820, 3)
CALL PLOT(AW, Y820, 2)
CALL PLOT(AW, AH, 2)
CALL PLOT(0.0, AH, 2)
CALL PLOT((Q.O0, Y820, 2)
CALL PLOT{(-XB, ~YB, -3}
RETURN

END

SUBROUTINE S1000

CIMENSION 1A(500,8)y ICLt500+8)s NI(SO0}), NK(500}

DIMENSTON IE(1000¢2)s X(100046)y PULL10DO0Oy4&)}, W(1000,4)
DIMENSION A(14), AA(3,3,3), BB(20), BOR(6), C(3,3), EXT{(6)
DIMENSION T{(3), TE(642)s Z2(20)

DIMENSION SG(500), NT(1000},AC{8,3), 5D(3,3}

DIMENSION VE(S500), WT(500), CE(3), CG(3),5GT(1%)

INTEGER TASK

COMMON A AAAC BB sBORGCsCESCGoEXT 4P SDySGsSGT o F ¢ FELVE oW yMWT X
COMMON TA,ICLTE,NI NK,NF,TASK

CO""QN lBUG' NEL: NL’ Wl “P’ Nuﬂ

IF (TASK .EQ. 1020) GO 7O 1020

DIRECT SPECIFICATION OF REGION FGR AMPLIFICATION

CONTINUE

0O 1010 I = 1, 6

BOR(I) = A(I)

IF {(IBUG .GE. 10) WRIETE (6, 1223) BOR
GO TO 1100
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1020

1030

1100

1101

1162

1163

1130

1135

1140

1150

1155

1160

SELECTION FOR AMPLIFICATION ABOUT NODAL POINT

0O 10630 I = 1, 3

IF (A(2¥I-1) .EQ. 0.0) At2x]-1) = A(l)
IF (A(2%]) .EQ. 0.0) A(2*]) = A(2)
BOR(2%][-1) = WINUM,I) - A(2¥%[~-1)
BOR{2*[) = WINUM,I) + A(2%])

IF (1BUG .GE. 10) WRITE (6, 1223) BOR
60 10 1100

SELECYION FOR AMPLIFICATION

NC = 0

D0 1101 I=1,NNP

HW{le4) = 1,0

IF (IBUG .GE. 10) WRITE (6, 1223) (M(I,J)s J=1l,&)
IF {(IBUG .GE. 10) WRITE (6, 1223) EXT
DO 1150 I = 1, NEL

0O 1130 4 = 1, 8

DO 1163 K = 1, 3

XI =1

X9 = J

XK = K

IF (IBUG .GE. 10) WRITE (651223)W(TA(I,4J),K), BOR{2%K-1),BOR(2*K),

* XI, XJo XK

CONTINUE

IF (W(IALI,J),K) .LT. BOR{2%K-1)) GO TO 1130
IF (W{TA(I,J)eK) .GT. BOR(2*K)) GO VO 1130
CONTINUE

GO TO 1135

CONTINUE

IF (IBUG .GE. 10) WRITE (6, 40) 1

GO TO 1150

NC = NC + 1

NIINC) = 1

IF (IBUG .GE. 10) WRITE (6, 40) NC, I

DO 1140 4 = 1, 8

TAINC,J) = TA(I,J)

DO 1140 K = 1, 3

WIIA(I J)s4) = -1.0

IF (IBUG .GE. 10) WRITE (6, 1223) EXT
CONTINUE

IF (NC .EQ. 0O) GO TO 300

D0 1155 1 = 1, 3

EXTCE) = W(IA(Lel),1)

IF (IBUG .GE. 10) WRITE (6, 1223) ((W(I,J)y J=143),1=1,NNP)
NL = NC

DO 1165 1 = 1, NP

IF (W{Is4) «LT. 0.0) GO TO 1165

00 1160 J = 1, 3

Wliled) = EXT(Y)
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1165 CONTINUE
DG 1170 I=14NNP
1170 IF (IBUG +GE. 10) WRITE (6, 1223) (W{I,Jd)y 4=1,4) ‘
IF (1BUG .GE. 10) WRITE (6, 40) INI{Il,{(TA(I9J)ed=1,2),1=1,NL)
40 FORMAT (725, 3G10.0)
1223 FORMAT (//6E20.6)
300 RETURN
END

SUBROUTINE S1200 7 .
DIMENMSION [A(500,8)y TC(500,8)y NI(500), NK(500)

DIMENSION IE(1000¢2),y X{10004v6), P{TI000%%), 'W(1000,4)
DIMENSION A(14), AA{343,3), BB(20), BOR(&), C(343), EXT(6)
DIMENSION T(3), TE(6+2), 2Z{20) , _

DIMENSION SG(500), NT(1000),AC(8,3), SD(3,3)

DIMENSION VE(500), WT{500), CE(3}, CG(3),56T(14)

INTEGER TASK L '

COMAMON A, AA,AC BB BORCyCEVCGYEXT P 4SD»SG+SGT 2T TE,VE W, WT, X
COMMON [A,IC,IE, NI NK,NT,TASK

COMMON IBUG, NEL, NL, NNP, NP, NUM

DATA IP /1,y 24 3y &4y S5y 6, ?$ 85y }t 2' 3, 4,

* 29 39 &y ly 64 Ty B, S' 5 6, 7' él
C
C SORT EDGES (AFYER 500 TASK)
C
120. LIMO = 12 * NL
LIMB = 1

LIMLL = LIMO - 1
DO 1210 I = 1, NP
12:2 P(1,3) = FLOAT(NP)
DO 1201 1 1, NL
J = (I-1) * 12
DO 1201 Kk = 1, 12
IK = 4 + K
tE (JeKy 1) = 1A (1, IP(K,1))
IE (JeKy 2) = 1A (I, IP(K,27) (
IF (PUIE(J+K 11 94) LT. P{IE(J+KG2),48)} GO TO 120f
ITEMP = TE(J#K, 1)
IE (J*Ky 1) = TE (J+K,2)
IE (J+K, 2) = ITEMP
1201 IF (IBUG .GE. 25) WRITE (64 1202) I, Ky JKy _
* [E (J+Ky 1), IE (J$K, 2), PCEE(J*Ky1)¢8)y PIIE(JI* Ke2) %)
1202 FORMAT (/515, 2E20.6)
c IDENTIFICATION OF DUPLICATE EDGES
1203 DO 1212 I = LIMB, LIML]
IP1 = 1 + 1

i
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1204
1205

1208
1209

1206
1207

i211
1212

1213

1214

1215

1216

1266

DO 1212 J = IP1, LIMO

IF (IE(I,1) - TIE(Jy1)) 1205, 1204, 1205

IF (1E(1,2) - IE (Jy2)) 1205, 1213, 1205

DO 1208 M = 1, 2

DO 1208 L = 1, 3

IF (MUTE(T4M)yL) oNE. W(IE(JyM),L}) GO TO 1209
CONTINUE

GO 1O 1213

IF (P(IE(Jy1)9e) - PLIE(I,1),4)) 1207, 1206, 1212
IF (P{IE(Jy2)94) - PLIE(T2)+4)) 1207, 1212, 1212
00 1211 K = 1, 2

ITEMP = [E (I, K)

IE (1, K) = [E (J, K)

IE (Jy K) = ITEMP

IF (IBUG .GE. 55) WRITE (6, 1202) I, J, LINMB

GO TO 1215

ELIMINATION ROUTINE

LIMB = I

IF (IBUG .GE. 45) WRITE (6, 1202) LIMB, LIMO, LIMLI,
* TE(Is1)y 1E(Jel)y PUIE(IsL)e&) e PLIE(Jy1),4),
* LIMBy LIMO, LIMLL,
* JEUI.2)y TE(J92)y PUIE(1,2)94)y PLIE(J,2)44)
LIMO = LIMO - 1

LIMLY = LIMO - 1

00 1214 1 = J, LIMO

IE (I, 1) = [IE (141, 1)

IE (I, 2) = IE (I+1l, 2)

IF (LIMLL LIMB .GE. 0) GO TO 1203

IF (IBUG .GE. 5) WRITE (6, 1202) LIMO

IF (IBUG .GE. 15) WRITE 16y 40) (I, (IE{L4J)9Jd=1,2),1=1,L1IMO)

PRINCIPAL OVERLAP SEQUENCE

IF (IBUG .GE. 35) WRITE (6, 526) ((P(KyL)oL=1,4)K=1,NP)

DEL = 0.1

IF (A{l) .GT. 0.0) DEL = A(1l)

IRES = 0

LIMB =1

DO 1275 1 = LIMB, LIMLL

IF (IBUG .EQ. 4) WRITE (6, 1733)
* (M, (IE(MyK)y (PIIE(MeK)oL)y L = 1,2)y, K = 1,2), Mal,LIMO}
I (IBUG .GE. 5) WRITE (6, 1266) I, LIMO, NP

IF (LIMB .GT. LIML1) GO TO 300

FDRHAT ("1INEAR SEGMENT IS NUMBER®*, 1[5,
] TOTAL NUMBER OF SEGMENTS IN LIST =, IS5,
* . NUMBER OF NODAL POINTS =0y [5///7)

Pl =1 « 1

IF (IRES .GT. O) IPl = [RES

00 1275 J = [Pl, LINO

IRES = O

IF {IBUG .GE. 35) WRITE (6, 1267} J

IF (IBUG .GE. 35) WRITE (6, 526) ((P(KyL)ysL=1,4),K=1,NP)
IF (IBUG .GE. 5) WRITE (6, 1267) J
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1267

1700

1217
1218

1219
1220

122

FORMAY (/7" FAR SEGMENT 1S', i5//7;
TEST FOR CONTACT {(SEGMENTS MAY TOULH}
D0 1700 K = 1, 2

DO 1700 L = 1, 2

IF (IE(I.K) .EQ. IE(J,L)) GO TO 1275
CONTINUE

DC = 0.0

DD = 0.0

DCl1 = 0.0

DDl = 0.0

CALCULATE SLOPES ON PROJECTION PLANE FOR THE PURPOSE ‘OF ROTATION
SAY = P(IE(T,2)+2) — PUIE(]I,1),2)

SAX = PUIE(I,2),1) - P{IE(I,1),1)
SBY = P(IE(J92)¢2) = PLIE(Js1),42)
SBX = PUIE(Jy2)41) - PLIELJ,1)s1) .

IF (ABS(SAX) .LE. 1.0€E-5) GO TO 1217

SA = SAY / SAX

GO TU 1218

SA = 1.0€E75 * SAY / ABS{SAY)

I {ABS(SBX) .LE. 1.0E-5) GO TO 1219

SB = SBY / SBX

GO YO 1220

S8 = 1.0E75 * SBY / ABSI(SBY)

IF (IBUG .GE. 25) WRITE (6, 1223) SAY,S5AX,SBY,SBX,SA,SB
DA = SQRT (SAX * SAX + SAY % SAY}

DB = SQRT (SBX * SBX ¢ SBY * SBY?

IF (IBUG .GE. 35) WRITE (64 1223) SAX, DA

TF (IBUG .GE. 35) WRITE (6, 1223) SAY, DA

iF {IBUG .GE. 35) WRITE {6, 1223) S8X, DB

(F (IBUG .GE. 35) WRITE (6, 1223) SBY, 08B

ROTATE FAR INTO ALIGNMENT WITH THE X-aAXYS

‘ISE TEMPORARY ARRAY (THE ORIGINAL 1S NOT ALTERED WERED

AX = SAX / DA
SAY = SAY / DA
58X = S8X / D8

S8y = SBY / DB

DL 1221 K = 1, 2

TE(Kyl) = SBX * P(IE(LK},1) + SBY * PUIEUI,K),2)
TE(K+2,1) = SBX * P(IE{(J,K),1) ¢ SBY * P(IE(JsK),2)
TE(K,2) = -SBY * PUIE(I4K)yl) + SBX * P(IE(I,K}y2)

T ¥42,2) = -SBY ® P(IE(S,K),1) + SBX ® PUIE(J,K),2)

I[F .[BUG GE. 5) WRITE (6, 1223) ((TE(KyL)sl=192)yK=1,4)

TE3 = TE(3,1)
g4 = TEL4,1)
SAA = ABS(SA)
SDD = SAA

SBB = ABS(SB)

IF (SBB .GV. SDD) SDD = SB8

IF (SDD .LV. 1.0E-5) SOD = 1.0

[F (ABS(SBB-SAA)/SDD .GT. 1.0€E-2) GO TO 123%

PARALLEL SEGMENT SEQUENCE

SEP = ABS (TE(1,2) - TE(3,2))

IF (IBUG .GE. 25) MRITE (6, 1223) ({(TE(K,L)sL=1,2),K21,4), SEP
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IF (SEP .GE. DEL) GO TO 1275
SEQUENCE ALIGNMENT TEST - CORRECT NEAR IF NECESSARY
IF ((TE{4,1)=TE(3,41))/7(TE(2,1)~TE(1,1)) .GT. 0.0) GO TO 1222
TEMP = TE(2,1)
TE{24,1) = TE(1l,1)
TE(l,1) = TEMP
IF (IBUG .GE. 25) WRITE (649 1223) ((TE(KyL)oL=1,2),K=z]1,4)
1222 CONTINUE
CALCULATE BASIC ADJUSTMENT LENGTH (CUT)
ADJUST NEAR
CUT = SQRT{(DEL*DEL - SEP*SEP)
IF (TE(Ll,1) .GT. TE(Z241)) CUT = -CUT
TE(ls1) = TE(1,1) ~ CUT * 1.1
TE{2,1) = TE(2,1) + CUT * 1.1
1236 IF {(IBUG .GE. 15) WRITE (64 1223) (TE(K,l)y K = 1, &)y CUT
TEST NATURE OF OVERLAP
IF (CUT*TE(2,1) .LE. CUT*TE(3,1)) GO TO 1275
IF (CUT*TE(1,1) .GE. CUT*TE(4,1)) GO YO 1275
IF (CUT*TE(1,1) .LE. CUT*TE(3,1)) GO YO L1226
IF (CUT*TE(2,1} .L¥. CUT*TE(4,1)) GO TO 1228
INCR = 0
TE(4,1) = TE(1l,1)
MISS = &4
60 TO 1233
1224 INCR = -]
MISS = J
IF (IBUG .EQ. 4) HWRITE (6, 1266) 1, LIMO, NP
IF {IBUG .EQ. 4) WRITE (6, 1267) J
IF (IBUG .EQ. 4) WRITE (6, 1733)
¥ (My, (IE(MgK)y (PLIE(MeK)y L)s L = 1,2}y K=1,2)o M=1,LIMO)
IF (IBUG .EQ. 4) WRITE (6, 1223) ((TE{(KyL)olL=1,42)+K=1,4),5B8X, SBY
IF (IBUG .EQ. 4) WRITE (6, 1223) TE3, TE4, SAA, SBB, SDD, SEP
IF (IBUG .EQ. &) WRITE (6, 1223) DA, DBy DCy DDy CRT1,T2,T3,T74
IF (IBUG .EQ. 4) WRITE (6, 1223) (TEI(Ky1)eK=1,4),CUT,DC1,0D1,0C
IF (IBUG .EQ. &)
SWRITE (64 1223) CRy{(PIIE(I yK)oLl)ylL=1,2)9K=1,42),

¥ ((PL{IE(JsK)oL)oL=14y2)9K=1,2)
IF (IBUG LEQ. 4) WRITE (6, 40) INCR, MISS, J
GO TO 1233
1226 if (CUT*TE(2,1) .GE. CUT*®TE(4,1)) GO TO 1224
INCR = 0
TE(3,1) = TE(2,1)
MISS = 3
GO 70 1233
1228 INCR = 1
MISS = J
TE(6,1) = TE(2,41)
TE(S,1) = TE(1l,1)
TE(642) = TE(2,2)
TE(5+2) = TE(1l,2)

1233 IF (I8BUG .GE. 15) WRITE (6, 40) INCR, MISS, J
IF (INCR) 1360, 1272, 1360
1223 FORMAT (//6E20.6)
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X-T-L SEQUENCE FOLLONS
IMPLEMENTED BY AN EQUIVELANT PARALLEL SEGMENT ROUTINE

1234 T1 = TE(1l,1)
T2 = TE(2,1)
T3 = TE(3,1)
T4 = TEl4,1)
IF (T2 .GE. T1) GO TO 1240
TEMP = T1
TL = T2
T2 = TEMP
12640 IF (T4 .GE. T3) GO TO 1241
TEMP = T3
T3 = T4
T4 = TEMP
1241 IF (T2 .LV. T3-DEL/4.0) GO TO 1275
IF (T4 .LT. T1-DEL/4.0) GO YO 1275 »
IF {ABS(TE(2,2) - TE(142)) «4LE. 1l.0E-S5) GO TO 1237
CR=TE(l,1)4(TE(3,2)-TE(L2) ) *(TE(2,L)=TE(L,L))/{TE12,2)~-TE(1,2))
GO 70O 1238
1237 CR = TE(1l,1)
1238 IF {IBUG <GE. 15) WRITE (69 1223) ((TE(KyL)yL=142) eK=1,2)
* (TE(Ky1)yK=3,4), TE(342), CR
DC = SURT((CR-TE(1,1))%%2 + (TE(3,2)-TE(1,2))%%2)
0D = SQRT((CR-TE(2,1))%%2 + (TE(3,2)-TE(2,2))%%2)
DC1 DC
0D1 DD
IF (ABS(DC+DOD-DA) .LE. 1l.0E-5) GO TO 1235
1715 IF (IBUG .GE. 15) WRITE (6, 1223) DA, DB, DC, DD
DC = ABS(TE(1,2) - TE(3,2))
DD = ABS (TE(242) - TE(342))
IfF (DC .GT. DD) DC = DD
I'F (DL .GT. DEL) GO TO 1275
T-L APPROXIMATION OF THE EQUIVELANT SEGMENT
1720 CUT = SQRT (DEL*DEL - DC=DC)
CR = TE(I?I,
IF (DL .EQ. DD) CR = TE(2,1)
GO TO 1730
VHE COMPUTATION OF THE EQUIVELANT SEGMENT
1235 TEX TE{2,1) - TE(1l,s1)
TEY TE(2,2) - TE(1,2)
TEH SQRT (TEX * TEX + TEY & TEY)
cuTt DEL * TEH / TEY
Curt ABS(CUT)
TE{(1,2) TE(3,2)
TE(2,2) TE(3,2)
1730 TE(1l,1) CR - CUT = 1.1
TE(2,1) CR + CUutr » }.,1
[F (IBUG .GE. 15) WRITE (6, 1223) ((TE(KyL) -1 ,Kx142), CUT,
* C, DD, DA, CR, CUT
60 Tu 1236

>
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C
c

12712

1251
1250
1252

1253

1275

1360

1370

1372

1371

1385

13680

SCALE PROJECTION DISTANCE

NP = NP + 1

MISSL2 = MISS - 2

TEMP = P(IE(Js1),4)

PIE4 = P(IE(J22)94) = PLIELJs1)44)

P(NP,4) = TEMP + (TE(MISS,1)-TE3) * PIEA / ITEL-TE3)
ROTATE BACK (INCR = 0)

P{NP,1) = SBX * TE(MISS,1) - SBY * TE(MISS,2)
P{NP,2) = SBY * TE(MISS,1) ¢ SBX * TE(MISS,2)
STORE COORDINATES

P(NP,3) = 0.0

IE(J,MISSL2) = NP

D0 1250 K = 1, LIMO

IF (PUIE(Js1)44) - PLIE(K,1),4)) 1251, 1251, 1250
IF (P{IE(Js2)44) - PILIE(K,2)9%)) 1252, 1252, 1250
CONTINUE

GO TO 1275

DO 1253 L = 1, 2

ITEMP = TE(J.L)

TE(JIoL) = TE(K,L)

TE(KsL) = ITEMP

IF (IBUG .GE. 10) WRITE (6, 440) (IE(JoK)eK=142)y MISS, MISSLZ2,
* NPy ((PUIE(JIK) L) ol=194)yK=1,2)

CONTINUE

RETURN

SEQUENCE TO ADJUST LIST

LIMB = |

IRES = J + |

LIMO = LIMO + INCR

LIMLL = LIMO - 1

IF (INCR) 1370, 1216, 1380

IRES = IRES - 1

00 1371 K = MISS, LIMO

IF (IRES .LE. LIMO) GO TO 1372

IRES = O

LIMB = LIMB ¢+ 1

CONT INUE

DO 13711 L = 1, 2

TIE(K, L) = JE{(K+1l, L)

IF (IBUG .NE. &) GO TO 1385

WRITE (6, 40) LIMB, IRES, LIMO, LIMLL, INCR, NP, MISS
WRITE (6,40) (I, (IE(I9J)9Jd=1e2),1=1,LINM0O)
WRITE (6,526) ((PIK,L)yL=1ly4a) K==L ,NP)
CONTINUE

IF (MISS LY. LIMO) GO TO 1216
RETURN

NP = NP + 2

SCALE PROJECTION DISTANCE

TEMP = P(IE(MISS, 1),y &)

PIE4 = PLIE(MISS, 2),y &) ~ TEMP

DO 1381 K = 1, 2
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PINP-24Ky3) = 0.0
1381 P(NP-24K,4) = TEMP + (TE(K+4,11-TE3)} * PIE4 / (TE4-TE3I)
IDENTIFY NEW SEGMENT IN EDGE ARRAY

IE(LIMO,1) = NP
TE(LIMO,2) = TE(MISS,2)
IEFMISS,2) = NP - 1

IF (PUIE(LIMO,1),4) JLT. PUIE(LIMO,2),%4)) GO TO 1395
ITEMP = TE(LIMO,1)
IE{LIMO,1) = IE(LIMO,2)
IE(LIMG,2) = ITEMP
1395 IF (PUIE(MISSs1),4) LT. PULIE(MISS,s2)49%)) GO TO 1796
ITEMP = TE(MISS,1)
IE(MISS,1) = TE(MISS,2)
IE{MISS,2) = ITEMP
1796 CONTINUE
FOTATE BACK
DO 1383 K = 5, 6
J =K -
iE{J,s1) S8X * TE(K,1) - SBY =* TE(K-2,2)
138 S0de2) SBY * TE(K,1) + 5SBX * TE(K-2,2)
00 1382 K = 1, 2
PUIE(MISS,2)9K) = TE(L1,K)
1382 P(IE(LIMO,1)},K) = TE(2,K)
IF {IBUG «GE. 20) WRITE (6, 1223) ({TEiK;L) 4L =142)sK=1,42),
® (P{TIE(MISSs2)+K)}yK=xl,e2), (PUIE(LIMG,1),K)},K=1,2)
STORE COORDINATES
RELOCATE SECOND SEGMENT
MISS = MISS + 1
DO 1386 1 = 1, LIMLL
F (PUIE(LIMO,1),4) - P(1E(I,1),4)) 1388, 1388, 1386
1388 IF (P(IE(LIMO,2),4) - PUIE{L1,2),4)) 1387, 1387, 1386
1386 CONTINUE
GO 70 1390
1387 IE!LIMO¢1l,1) = TE(LIMO,1)
DO 1389 J4 = I, LIML]
J = LIMLYI + 1 - JJ
DO 1389 K = 1, 2
13689 TE(J+14K) = JE(J4K)
[IE(I,1) = [E(LIMO+L,1)
IE(LI,2) = TE(LIMO+1,2)
GO 70 1390
1390 CONTINUE
IF {1BUG .GE. 15) WRITE (6, 1391) LIMB, M]ISS
1391 fORHAT {/7/7* END OF ADJUSTMENT ROUTINE, LIMB = *,1I5,
* ¢ MISS = ¢, 1I5/)
IF (IBUG .GE. 10) WRITE (6, 1733)
¥ (1, (IE(T.K)y (PLIEC(LIK)y J)y J = 1,52)s K=]l,2), [=1,L1M0)
1733 FORMAT (/110 1159 2FT7.3y 115, 2F7.3)
LF (IBUG .GE. 15) WRITE (6, &40) (I, (1EQ(I5J), '21.7)41I=1,LIMO)
1F (IBUG .GE. 25) WRITE (6, 1223) ((TE(I4J)ed=1,2),y1I51,86)
IF {IBUG .GE. 35) WRITE (6, 526) ({(P{K,L)sL=1y&),K=14,NP)
IF (LIMB .LT. LIMLLY1) GO TO 1216

[T )
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40
440
526
300

10

100

IF (IBUG .GE. 10) WRITE (6, 440) (IE(J4K)yK=1,2)y MISS, MISSL2Z,
* ({PUIE(JoK) sl )ol=1y4)yK=1,2)

FORMAT (T25, 3G10.0)

FORMAT (T20s 3Gl5.4)

FORMAT (T15, 4El15.4)

RETURN

END

SUBROUTINE S1400

TO PRODUCE A SET OF POLYGONS THAT COINCIDE WITH A SPECIFIED PLANE
(ORIENTATION AND POSITION) THROUGH A THREE DIMENSIONAL FINITE
ELEMENT STRUCTURE. THE SET WILL BE RETAINED IN VTHE ORIGINAL
ORIENTATION AND POSITION.

DIMENSION 1A(500,8), IC(500,8)y NI(500), NK{500])

DIMENSION I1E{1000,2)y X(1000,6), P(1000,4), W{100044%)
DIMENSION Al{l14), AA{3,3,3), BB(20)y BOR(6)y Cl343)¢ EXT(6)
DIMENSION T(3), TE(6,2), 2Z2(20)

DIMENSION SG(500), NT(1000),AC(8,3), SDI(3,3)

DIMENSION VE(S500)y WT(500)y CE(3)y CG{3),:S56T(14)

INTEGER TASK

COMMON A,AAAC,BByBOR)CoyCEyCGeEXToPySD 9SG sSGTpT ¢ TESVEsWeWT o X
COMMON IAL,IC,TEsNIsNKyNT,TASK

COMMON IBUGy NELy NLy NNP, NPy NUM

DIMENSION EC(6y 49 3)y FC(4y 3), INH(G6s4)y JF(4&, 2)

DATA IW /1y 1y 2y 3y 4, S,

x 29 20 3y 4y 1, 6,

* 3y 69 Ty 8y S5y Ty
* 49 5¢ 64 T4 8, 8/
DATA JF /1y 2+ 3, 4,

x 2y 3¢ 4y 1/
TRANSLATIONS

NUMPL = NUM + 1
6o 10 (i90, 10, 100, 150, 170), NUMPL

SECTION PASSES THROUGH NODAL POINT

NUM = AL1l)

SET = W(NUM, 3)

GO 70 190

SECTION PASSES THROUGH CENTER OF ELEMENT

NUM = A(1l)
SET = W(IA(NUM, [), 3)
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OON

eNake!

110

150

170

190

20¢

1000

210

220
230

240

1010

250

1020

260

280

290

300

310

0O 110 I = 2, 8

SET = SUM + WIIA(NUM, [}, 3)
SET = SET / 8.0

60 70 190

SECIION PASSES THROUGH SPECIFIED POINT ON Z-AXIS

SET = Al1)
GO 10 190

SECTION PASSES BETWEEN TWO NODAL POINTS

IF (A(3) .EQ. 0.0) A(3) = 0.5

SET = A(3) « WUIFIX(ALL))y 3) + (1.0 - A{3)) * W(IFIX(A(2)), 3)
GO 70 190

00 200 I = 14 NP

d(Is 3) = W{l, 3) - SET

"IDEX = O

DO 500 II = 1, NL

T = NI(IL)

.+ (IBUG .GE. 15) WRITE (6, 1000} II, 1

FORMAT (*1SELECTION *, I3, * IS ELEMENT NUMBER °*, 137/)
TOUCH = 0.0

IF (Wf1A(Is1),3)) 2104 250, 220

TOUCH = ~-1.0

GO TO 230

TOUCH = 1.0

DO 240 J = 2, 8

IF (TOUCH * W(IA(I,J),3)) 250, 250, 240

CONT INUE

G0 70 500

FORMAT (/F5.1, * SYSTEM POINTS *, 2115/}

If (IBUG .GE. 15) WRETE (6, 1010) TOUCH, IA(241), TA(1,J)
DO 410 4 = 1y 6

IF (1JUG .GE. 15) WRITE (6, 1020} J

rURMAT (/* SIDE *, 13)

DO 280 K = 1, &

Qg 260 L = 1y 3

ECiJy, Ky L) = Q.0

INP = TA{I, IW(Je K))

DO 280 L = 1, 3

FC(K,L) = W{INP, L)

NB = 0

va 330 L = 1y &

IF (FLUJF(L,1),3) * FCUJF(L,2)+3)) 290, 310, 330

NB = NB + 1

FAC = FCUUF(Ly1)43) / (FCUJUF(Ls1)a3) - FCUIF(Ls2)431))
0O 300 M = 1, 2

ECI{J, NBy, M) = FCLUJF(Ly1) M} ¢ FAC *® (FCHUFIL 2 o™M)~-FCUUF(L,1)oM})
'C‘Jv' NBv 3} = 2.0

GO 10 330
NB = NB + 1
JFL =1
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320
330
1030
340
350

360

370

380
390

400
410

415
416
420
430

440

445
446

450

460

IF (FCUJUF(Le2)+3) .EQ. 0.0)
DO 320 M = 1, 2

€EC{J,» NB,
EC{Jy NB,
IF (IBUG .GE. 15) WRITE (6,
FORMAT (15, 6G20.6)

NBPL = NB + 1

GO TO (410, 340,
00 350 K = 1, 3
EC‘J' 1y K) = 0.0
GO TO 410

NBL1 = NB - 1

DO 400 K = 1, NBL1
KPl1 = K + 1

D0 400 KB = KPl,
DO 370 L = 1, 2
IF (EClJy Ky L)Y - EC(J, KB,
IF (18UG .GE. 15) WRITE (6,
DO 380 L = KB, NBL]
DO 380 M = 1, 3
EClJy Ly M) = EC(Jy
DO 390 L = 1, 3
EC(Jy NBy L) = 0.0
IF (IBUG .GE. 15) WRITE (6,
CONTINUE

DO 430 J = 1, 6
IF (EClJ, 2y )
DO 415 K = 14 3
EC{Jy 1y K) = 0.0
D0 420 K = 1, 3
EC(J, 3, K) = EC(J,
CONT INUE

IF {tIBUG .GE. 15) WRITE (6,
INDEX = INDEX ¢+ 1

DD 445 LF = 1, 6
IF (EC(1l, 1, 3)
DO 440 L = 1, 3
(1000, L) = ECL1,
W{INDEX, L) = ECt1,
GO TO 446

CONT INUE

LPl = LF + 1
W{INDEX, 3) = 3,0
DO 480 J = LPLl, 6
DO 470 K = 1, 2
IF (EC(Jy K,y L)
CONT INUE

INDEX = INDEX + 1
DO 460 L = 1y 3
W({INDEXs L) = EC(J,
W{l000, L)Y = EClJ,
EC(J' K' 3) = 0.0
EC(Jy = 0.0

3) = 2.0

360, 360,

NB

L+l,y, M)

«NE. 0.0)

ly K)

-EQ.
2y L)

1, L)

- W(1000,

Ky
Kel,

L)
L)

K+l, 3)

GO TO

JFL = 2

M) = FCULJIF(L,JFL)} M)

1030) I, NBe JFL,s Ly Jo» FAC,FC

360), NBPI1

400
Je KBy

L)) 400, 370,

1030) 1, NB, Ke L

1030) EC, J» KB

416

1030) EC

0.0) GO TO 445

L)) 470, 450, 470




470
480
500

510

1500
1.5

1510

1520

1223

GO TO 480

[F (I8UG .GE. 25} WRITE (6, 1030} £
IF (IBUG .GE. 15) WRITE (6, 103CH EC
CONTINUE

00 510 I = 1, INDEX

W(l, 4) = W (1, 3)

wil, 3) = 0.0

NL = INDEX

RETURN

END

T+ INDEX
s 1: INDEX

SUBROUTINE 51500

DIMENSION 1A(500,8), IC(500,48)y NI(500}), NK(500)

DIMENSION 1E(100042)y X(100Gy6)s P{1000+4), W(1000,4)
OIMENSION A(14), AA(3,3,3), BB(20), BORIB), C(343)y EXT(6)
DIMENSION T(3), TE(6,2), 22(20)

DIMENSION SG(500), NT{1000),AC{8,3), SD(3,3)

DIMENSION VE(S00), WTI500), CE{3), CG(3),SGT(14)

INTEGER TASK

COMMON A)AA; AC+BByBORyCHCEWCGrEXT P 450456 eSGT 4 THTE,VEeWsWT 4 X
COMMON TA,IC,IE+sNIoNKyNT,TASK

COMMON IBUG» NELys NLe+ NNP, NP, NUM

COMMON /FRAME/ AH AN XByYB o XXoYY  WH,X820,Y820,XMAX ,YMAX y XMIN, YMIN

PLOT EDGES

CALL PLOT (XX, YY, -3)

~<NP = NP

XLIMG = LIMO

IF (IBUG .GE. 15) WRITE (6, 1223) XX, YY, XMIN, YMIN, WW,
¥ XNP, XLIMO

DO 1510 I = 1, NP

XI = 1

PEIsl) = (P{I,1) - XMIN) * wWwW
PlI,2) = (P(I1,2) - YMIN) * WW
DO 1520 I = 1, LIMO

Xl = |

IF (IBUG .GE. 15) WRITE (6, 1223) ((PUIELK+J) ¢4K)sK=1,42),J=1,2)y XI
CALL PLOT (PUIECTI,1)y1l)y PLIE(LI,1)y2)y 3)

CALL PLOT (PUIEC(Is2)9l)y PULIE(I2)492)y 2)

CALL PLOT (-XXy =-YY, ~-3)

FORMAT (//6E20.6)

RETURN

END
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1605

1610
1620
1625

100

110
1640

1641

1642
1644
1645

80

85
300

SUBROUTINE S1600

DIMENSION 1A(500,8)y IC(50048)s NI(500)s NK(500)

DIMENSION IE(100042)¢ X{10004,6)y P(1000,4), W(1000,4)
DIMENSION A(l14), AA(3,3,3), BBL20), BORI6), C(3,3), EXT(6)
DIMENSION T(3), TE(642)s 2Z(20)

DIMENSION SG(500), NT(1000),AC(853), SD(3,3)

DIMENSION VE(500), WT(500), CE(3), CG(3),SGT(14&)

INTEGER TASK

COMMUN A4AA,AC BB yBORyCyCEGJCGoEXToP ¢SDeSGoeSGTyTHTEZVEsWeWT X
COMMON TA,ICoIE,NT,NKyNT,TASK

COMMON IBUG, NEL, NLs NNP, NP, NUM

GO TO 1610

READ{(S5,80) ZZ, TASK, NUM, A

WRITE(6, B5) IZ

NUM = 1 READ IN ELEMENT SPECIFIC GRAVITIES VO TYPES

NUM = 2 ASSIGN TYPES TO STRINGS B8Y 3 DO-LOOP PARAMETERS

NUM = 3 ASSIGN TYPES TO SPECIFIC ELEMENTS OR YO CONTIGUOUS
ELEMENT STRINGS

NUM = 4 TERMINATE

GO TO (1620, 100y 1640, 300), NUM
D0 1625 I=1, 14
SGT(I)= A(I)

GO YO 1605
NA1 = A(1l)
NA2 = A(2)
NA3 = A(3)

DO 110 T = NAl, NA2, NA3

SG(I) = SGT (TASK)

NT(E) = TASK

GO TO 1605

DO 1645 1=1, 14

IF (A{I)) 1645,1605,1641

IF (I .EQ. 14) GO TO 1644

IF (A(I+1) .GE. 0.0) GO TO 1644
NAl= ALI) '
NAZ2 = -A(I+1)

IF (NA2 LT. NAl) GO TO 1645

DO 1642 J= NAl, NA2

NT{J) = TASK

SG(J) = SGT(TASK)

GO TO 1645
SGUIFIX(A(I

1)) = SGTUTASK)
NT(IFIX(ALIDY))

= TASK
CONTINUE
GO0 TO 1605
FORMAT (20A4y T1l, 215, 1465.0)
FORMAT (/°* INTERNAL ‘e 20A4/7)
RETURN
END
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1804

1810

1835
1840

SUBROUTINE 51800
DIMENSION TCE(S50043)4CCEU50043) 4SUMbBIS0041D) 4ETEH{S500,3)
DEMENSION EMOI(500,3)
DIMENSION GMOI(3)+TMOI(3),TEH(10,3),TC6(10,3)
DIMENSION ND{4,3), NS(1044)
R e P PR NP NPT PIP TP D,
DEMENSION [A(500,8), IC(500,8), NI(500})s NK{S00)
DIMENSION TIE{(1000+,2)s X{1000,6), P{1000,4), W(1000,4)
DIMENSION A{l4), AA(3,3,3), BB(20), BOR(6), C(3,3), EXT(6)
DIMENSION T(3), TE(6,2), Z2(20)
DIMENSION SG(500)s NT{1000),AC(8,3), SDt3,3)
DIMENSION VE(S500), WT(S00), CE(3), CGI3),S6T(14)
INTEGER TASK
COMHDN A.AA'AC’BB'BOR’C’CE.CGQE!TQP|SD'SG|SGT’TQIEQVE’H'HT'x
COMMON JTAL,ICoIE+NIJNKyNT,TASK
COMMON IBUG, NEL, NLys NNP, NP, NUM
DATA ND / 29 Gy 1y 3,
3' 3' Z, 2’
4y 1 &, 1/
DATA NS / 1, 3, 8, 65 5, 2y %3y 5S¢ Te 6,
3, 1, Iy 3, 2, 4y, 2y 29 4 3,
29 4y 5y Ty T 3, 1, 6, 8, 8,
6; 8By 64 8y 4, 7y 59+ 7+ 54 1/
00 1804 1= 1, 3
CGtI) = 0.0
NL = NL
WG = 0.0
EVOL = 0.0
oV¥OL = 0.0
TWY = 0.0
WRITE(6, 1805)
DO 1870 1 =1, NL
"G 1810 J = 1, 8
DO 1810 K = 1, 3
AC1JeK) = HWITA(L,J0),K)
EvoL = 0.0
DO 1850 4 = 1, 10
TVOL = 0.0
DO 1840 X = 1,4
SDit-1) ACI(NS{JND(K,2)),3)

SDE242) = ACINS(JyNDIK,2)),2)
SD(34y3) = ACINS{J ND(K,2)1},41])
SD(1,2) = ACLINS(J,ND(K41)}),1)
SD(3,1) = AC(NS{JsND(K,1)),2)
SD{2+3) = ACINS{JI,ND(K,41)),3)
SD(2,1) = AC(NS(J,ND(K,3))},1)
SO(1,3) = ACINSUJ,ND(K,3)),2)
SD(3,2) = ACINS{J,ND(K,3)),3)
SUM = 0.0

0O 1835 L = 1, 3
SUM = SUM + SO(L,1)*SD(L,2)#%SD{L,3) - SD{1,L)*SD(2,L)*SD(3,L)
TYOoL = TVOL + SuM/eé.
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L HEREEERRERRR R AR IR R KRR RE KRR R R ARG R KR E R R ERRE RS SRR R R EE R SRS & &

SUMEL1,J)=TVOL
' SERESARRERRRREBEARERRARRERRERRRKAB AR RRRE R G SR EEEXRRSE RSN E XK SR AR L

IF(IBUG «GE« 15) WRITE(6,41807) TVOL,{(IACIyNS(JsL))yL=1,4)

i850 EVOL = EVOL + TvOL/2.
VE{1) = EVOL
Witi) = EVOL * SGINI(ID))
WG = NG + wWT(I)
00 1865 J4 = 1, 3
CElJ4) = 0.0

- DO 1860 K = 1, 8

1860 CE(J) = CE(J) ¢ 0.125%AC(K,J)
CGlJ) = CGLI) + WYTLI)I*CELJ)

1865 CCE(1,J)=CE(J)
GVOL = GVOL + EVOL

C
c IN CASE THE FORMAT NEED TO BE CHANGED, USE NUM=1
L

IF (NUM .EQ. 1) WRITE(7,1886) NICI)oNT(I),VE(I) WT(I),CE
1886 FORMAT (I5,7X,1142X,2E12.3,2X43F7.2)
C
1870 WRITE{6, 1806) NI(I), NTUI)y VE(I)y WT(I), CE
DO 1880 I = 1, 3
1880 CG(I) = CGUII/NWG

C
C USING NUM=1 TO PUNCH QUT THE GROUP VOLUME AND CENTROID.
C

IFINUM .EQ. 1) WRITEU(7,1884) GVOL,WGLCG
1884 FORMAT(T10,°'GROUP*4T16,5E13.5)
C
WRITE(6y 1885) GVOLe WGy CG
1805 FORMAT(*1',T40,'E L EMENT MASS T ABL E'//,T21,
**ELEMENT ¢y T41,"VOLUME®*yTO6L,y *WEIGHT*,TB0,*CENTROID COORDINATES (CM)
9 /,T22, *NUMBER®* ,T42,°(CC)*sT60, (GRAMS) *,TB6 " X" 3 TO4 'Y ?,T102,%2%/
LT
1806 FORMATITIS5,14,725,14,7T35,E12.54T7T55,E12.5,175,3F8.3)
1807 FORMAT(T35,E£12.59760,415)
1885 FORMATI(T22,'GROUP "3 T35,E12.5¢T55,E12.59T7T75:3F8.37/)
C
Cos ek bk bt n skt RRERERE KGR R R R R AR SRR R kR R ER gk KR kAR EEEER Rk EREREkERE &
C
C THE CALCULATION OF THE MOMENT OF INERTIA
C
WRITE(6,1809)
DO 1820 N=1,NL
00 1821 J=1,8
DO 1821 K=1,3
1821 AC‘J.K"““A‘NOJ),K'
DO 1822 J=1,10

FIND THE CENTROID OF THE TETRAHEORON AND MAKE TRANSLATION

OO

DO 1841 L=1,3




1842
1841

1824

1822
1822

1826

1825 t

1827

(N uNal

1844

1845
1320

<28
1829

1808
1809

1811

~

(&

c

TCGlJ.Li=0.0

D0 1842 K=1l,4
TCGUJ4L)=TCGUJI»LI+ACINS(J,K),4L)
TCGl4,L)=TCG(J,L) /4.0

DO 1823 L=1,3

TEH(J,L)}=0.0

DO 1824 K=1,4

ALINS (I K)o L)=ACINStU K)o L)-TCG(J,L)
TEH(J,L)=TEHT{J, L) +ACINS(J4K) L) *%2
ACINS (JoK) oL )=ACINS(JsK)4L)#TCG{J,L)
TEH(JLL)=TEH(J,L)*SUM6(N,J)/20.0
TEH{JL)=TEH(J,L)+SGINIIN))ESUM6 (N, Jl*iCCE(N.L)‘TCG(J,L))**2
CONTINUE

DO 1825 L=1,3

ETEHIN,L)=0.0

DO 1826 J=1,10
ETEHIN,L)=ETEH{N,L)+TEH(J,L)
_‘NM;N’L’zE'EH(N'L,/ZQO

~0 1827 I=1,3

il =1+ 1

2 =1+ 2

IF (11 .67, 3) Il = [1 - 3

IF (I2 .GT. 3 ) [2 = 12 -3
EMOI(N,I)=SGINIIN))I*{ETEH(N,IL)+ETEH(N,12))

TRANSLATE ELEMENT MOMENT OF INERTIA TO GROUP CENTER OF GRAVITY

DO 1844 L=1,3 _
TCE(NsL)=CCE(N,L)~CG(L)

DO 1845 L=1,3

vz el

Lo=L+2

IF(Ll .GT. 3) Ll=iL1-3

IF(L% .GT. 3) L2=L2-3

FMOI(Li=WTIN)®{TCE(N,L1)®%2+TCE (N,L2)%#¥2)
EMOI(N,L)=EMOI(N,L)+TMOI (L) ,

WRI(E(691808) NI(N), (EMDT(Ns1),I=1,3)

DO 1829 L=1,3

MOI(L)=0.0

DO.16828 N=14NL

GMOT (L) =GMOI (L) +EMODI(N,L)

CONTINUE

WPITE(6,1811) GMOI

FORMAT(T25,164,T40,3€20.5) .
FORMAT(///4T40s*M A S S MOMENT 0 F TNERT I A"/,

*T21, *ELEMENT NO.* ,TSI"I(Xl',TTI.'I(Y)'.TQL.'I(Z) /)

FORMAT(/Y12, *GROUP MOMENT OF !VERTIA‘:T40'3EZO.5)

- AL b .
T R P PP

RETURN
END
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SUBRUUTINE S1900

DIMENSION JA(SCD.8)y IC(500,8)¢ NI(500)s NK{500)

DIMENSION IE(100042)y X{1000y6), P(1000,4)y, W(1000:4)
DIMENSION A{14), AA(3,3,3), BB(20), BOR(&), C(3,3), EXT(6)
DIMENSION V{(3), TE(6,2), 2Z(20)

DIMENSION SG(500)¢ NT{1000),AC(8,3), SD{(3,13)

DIMENSION VE({S500), WT(500), CE(3), CG(3),S6T{14)

INTEGER TASK

COMMUON A,AA AC,BB¢BORCyCEyCGIEXT 9P 9SDeSGoSOTeToTEJVE s WoNT X
COMMON TA,ICyTE NI NK,NT,TASK

COMMON IBUGy NEL, NL, NNP, NP, NUM

SELECTION BY ELEMENT NUMBER
SELECTION TABLE
NUM ELEMENT STRING DESCRIPTION
1 DISCONNECTED ELEMENTS (1 TO 14)
2 REGULAR SEQUENCE BY DO-LOOP SPECIFICATION
3 HETEROGENEOUS SET OF ELEMENTS SPECIFIED
BY DO/LOOPS AND SINGLE ELEMENT NUMBERS
4 TERMINATE LIST
NC=0
GO 7O 1908

1904 READ(5,80) IZ, TASK, NUM, A
WRITE(6,85) 21
i308 GO TO (1910y 1930, 1640, 1970), NUM
1910 DO 1920 I=1l,14
IF {(Al1) .EQ. 0.0) GO TO 1904
NC= NC + 1
NI{NC) =IFIX(A(I))
NTINC) = NTINI(NC))
D0 1920 J=1,8
1920 IA(NC,J) = ICUINIINC) I
GO YO 1904
1930 NAl =IFIX(A(l}))
NA2 =IFIX(A(2))
NA3 =IFIX(A(3))
IF(A(3) .EQ. 0.0) NA3 = 1
00 1940 I= NAl, NA2, NA3
NC= NC + 1
NIINC) = |
NT(NC) = NT(NI(NC))
00 1940 J=1, 8
1940 TA(NC,J) = IC(1I,J)
GO TO 1904
1640 D0 1645 1=1, 14
IF (A(TI)) 1645,1904,1641
1641 IF (1 .EQ. 14) GO TO 1644
IF (A{I+l) .GE. 0.0) GO TO 1644
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c
C
C

1642

1644

1645

1970

1980

1985

1999
1995
80
85

NAl= Atl})

NAZ2 = -All+])

IF (NA2 .LT. NAl) GO TO 1645
DO 1642 J= NAl, NA2

NC=NC+1

NI1(NC)=J

NTINC)=NT(NI(NC))

DO 1642 K=1,8

TAINCK)=IC{J.K)

GO TO 1645

NC=NC+1

NI(NCI=A{I1)

NTINC)=NT(NI{NC))

CONT I NUE

GO TO 1904

NL= NC

DO 1980 I= 1, NL

DG 1980 4= 1, 8
WIIAINI(I)yJ),4)=-1.0

DO 1275 1= 1, 3
EXT(I)}=W(IAINICL)y1),1)

DO 1995 I=1,4NP

IF (W(ly4) LT. 0.0) GO TO 1995
DO 1990 J= 1, 3

A Ted) = EXT(S)

CONT INUE

FORMAT (20A4, Tl, 215, 14G5.0)
FORMAT (//°* TASK, NUM, SPECIFICATIONS %% ', 20A47/)
RETURN

END

LUBROUTINE S2000
CONFORMAL MAPPING OF ELEMENTS

DIMENSION IP (12,2)

CEEEER SR EERERAEAEEEREAREEERERRERERRERRRE R R R R R AR RRE KR E RS LR RERE SRR KE

DIMENSION IA(S00,8), IC(500,8), NI(S0O0O), NK{S00)

JIMENSION IE(100042), X(100046)y P(1000,4), W(1000,4)
DIMENSION A(14), AA(3,3,3}, 8B(20), BOR(S), C(343Js EXT(6)
DIMENSION T(3), TE(6+2)y 22(20)

DIMENSION S5G(S00isy NT{1000)¢AC(8B,3), SD(3;3)

DIMENSION VE(S00), WT(S00), CE(3)y CG(3),S56T(1%,

INTEGER TASK

COMMON AgAAJAC,BByBORyCyCEJCGIEXT P 3SDsSGoSOT 4T oTEoVE o WeWT X
COMMON TAL,IC,IE NI JNKyNT,TASK
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YOy

oy Oy

205

210

COMMON [BUGy NEL, NLy NNP, NP, NUM
DIMENSION NSL(14)

CALCULATE ORIGINAL NODAL POINT COORDINATES

IF{NUM LT. 0) GO TO 449
NX = A(1l)

NY = A(2)

IF (NY .EQ. O) NY
NZ = A(3)

IF (N1 .EQ. 0) NZ = NY

X = Al4)

IF (DX -EQ. 0.0) DX = 1.0
oY = A(S)

IF (DY +EQ. 0.0) DY = [.0
DZ = AtS)

iF {(DZ .EQ. 0.0) DZ = 1,0
R = A(7)

NX

NBC IS THE NUMBER OF BOUNDARY CONDITION CARDS TO BE LATER ENTERED.

NBC = A(8)
CX FLOAT(NX-1)%DX/2.0

CY = FLOAT(NY-1)*DY/2,.0
CZ = FLOAT(NIZI-1)%D2/2.0
XLL = NX - 1
YLL = NY - 1
ILl = NI - 1

IFf (IBUG .GE. 15) WRITE (6, 20) CX, CY, CZ» XL1, YL1, ZILl, R
IF (NUM .EQ. O0) GD TO 150

READ (5,60) ZZ, IPR, NUMl, A.

WRITE (64 70) 21

NUMZ2 = Atl)
NUM3 = A(2)
NUM4 = NUM1 ¢+ NUMZ2

iF (NUMZ2 .EQ. 0) GO TO 150

00 205 1 = 1y NUM&

ALL) = A(I¢2)

IF {IBUG .GE. 15) WRITE(G6,11) A

A{l} = A(1) + R

DO 210 I = 2, NUM4

A(I) = A(L) + A{I-1)

I[F (IBUG .GE. 15) WRITE (6, 20) NUMLl, NUM2, NUM3, NUM&, A
NXY = NX * NY

NXLL = NX - 1

NYL1 = NY - 1

NIL1l = NZ - 1 .
NXYZ = NX * NY * NZ

IND = NXYZ

NXYZL]1 = NXL1 * NYL1 & NZL1

NP = NXYZ + NXY*(NUM4&+NUM])

NP = NP + 26 (NXLL4NYLL)®{ (NUM3-1)%NUM& + (NI-NUM3-]1)®NUM])
NL = NXYILL
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OO0 0O0

157

159

160

150

W -

LAYER = 2#%(NXLL1+NYL1)

DO 157 I=1.NL

NItI)=1

DO 159 I = 1, 14

NSL(I) = 0

DO 160 I = 1y NUM&

NSLEI) = NXLL*NYLL + 2«(NXLL1+NYL1)*(NUM3~-1)

IF (I JLE. NUM1) NSL(I) = 2«NXL1®NYL1 + 2%#(NXL1+NYL1)#NZL1
NL = NL + NSL(I)

IF (IBUG .GE. 15) WRITE (6, 20} NXYZ, NP, NXYZL1l, NL, NSL, LAYER
IF (NP .GY. 999) WRITE (6, 90) NP

NUM1 NUMBER OF COMPLETE SHELLS

NUMZ NUMBER OF PARTIAL SHELLS

NUM3 EXTENY OF PARTIAL SHELLS IN Z-DIRECTION

NUM4 TOTAL NUMBER OF SHELLS

NXys NYyo NZ NUMBERS OF NODAL POINTS ALONG AXES IN CENTRAL BLOCK
NXYZ NUMBER OF NODAL POINTS IN CENTRAL BLQCK

Ll NUMBER OF ELEMENTS IN THE ITH SHELL

NXYVILL NUMBER OF ELEMENTS IN THE CENTRAL BLOCK

IND REFERENCE NODAL POINT NUMBER FOR STORING IN SHELLS
INDEX = O

00 300 K = 1y NZ

DO 300 J = 1, NY

DO 300 1 = 1, NX

INDEX = INDEX + 1

ORIGINAL COORDINATES IN BLOCK {AXs AY, AZ)

AX = 2 % ([- 1) - NX + 1

AY = 2 % (J- 1) - NY + 1

Al = 2 % (K- 1) - NI + 1

IF (AX .EQ. 0.0 .AND. AY .EQ. 0.0 .AND. AZ .EQ. 0,0} GO 7O 8
AX = AX * DX / 2.0

AY = AY ® DY / 2.0

Al = Al * DZ / 2.0

BX = AX

BY = AY

BZ = Al

IF (IBUG .GE. 55) MWRITE (6 20} 1+ Jy K, AXy AYy AZ,

*BX, B“t' BZ

PROJECTION RATIOS

RX = ABS (AX /7 XL1)

RY = ABS (AY / YL1)

RZ = ABS (AZ / IL1)

IF (IBUG +GE. 55) WRITE €6, 20) RX, RY, RIZ
IF (RY - RX) 1, 1l¢ 2

IF (RZ - RX) 3, 2, 5
IF (RZ - RY) 4, 5, 5
RF = ABS (CX /7 AX)
GO TO 6

RF = ABS (CY / AY)
GO YO &

RF = ABS (CZ / Al)
COORDINATES ON SURFACE OF BLOCK (BX, BY, B2)
BX = BX * RF
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‘s XsRala

£90
300

440

448

s8Y x RF

64 8Z * RF

DY SQRY (BX*BX + @8Y+*BY + BZI*B1)

IF {(DQ .EQ. Q) GO YO B8

IF (DQ .LT. 0.0) GO TO 423

Ce = R /7 DQ

IF (IBUG .GE. 55) WRITE (6, 20) BX, BY, Bls DQ
PROJECTED POINT

AX = DQ * AX
AY = DQ * AY
Al = DQ * AL
W{INDEX,y 1)
Wl INDEX, 2)
W{INDEX, 31} AZ

k{INDEX, &) 0.0

If (IBUG .GE. 55) MWRITE (6, 20) RF, AXy AY, AZ, INDEX

&Y

L

AX
AY

Wt H u

#DQ' BX, BVO Bl

WRITE(6430) INDEX
DQ = SQRT (AX®AX + AYRAY + AZ®A7Z)
IF {(DQ .LY. R-1.0E-4) GO TO 300

COODRDINATES FOR NODAL POINTS IN SHELLS

) 290 L = 1, NUM4

IF (K .GV. NUM3 AND. L .GT. NUM1) GO TO 300

ING = IND ¢+ 1

ARB = AfL) / R

WlIND, 1) = ARB #* AX

W{IND, 2) = ARB * AY

W{IND, 3) = ARB x AZ

W{IND, 4) = 0.0

WRITE(64,10) IND

IF (IBUG .GT. 55) WRITE (6, 20) INDy Iy Jo Ky Ly (WUINDyM),M=1,3)
CONYINUE

IF (IBUG .GE. 55) WRITE (6 40) (1, (W(I4d)y 3 =1y 3)y [ = 1, NP)

GENERATE THE CONNECTION ARRAY

RECORD MATERIAL TYPE NUMBERS
INDEX = 0

DO 440 I = 1, NXYZL1

INDEX = INDEX + 1

NT (INDEX) = 1

N2 = NXYZL1

DO 448 J = 1, NUM&

N1l = NXYZILL + 1

IF {(J «GT. 1} N1l = N1 + NSL(J - 1)
N2 = N2 + NSL({J)

DO 448 I = Nl, N2

INDEX = INDEX + 1

NT (INDEX) = J + 1
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ELEMENTS IN CENVRAL 8LOCK
JNDEX = O

DO 400 K = 1, NILL

00 400 4 = 1, NYL]

DO 400 I = 1, NXL1

JNDEX = JUNDEX ¢ |

Nl = I + (J-1) & NX + ( K-1 } * NXY
NZ = N1 ¢+ 1

N3 = N2 + NX

N4 = N3 ~ 1

N5 = N1 + NXY

N6 = N2 ¢+ NXY

N7 = N3 + NXY

N8 = N4 ¢+ NXY

FA(JUNDEX, 1) = NI
[A(IJNDEX, 2) = N2
TACIJNDEX, 3) = N3
[IA{JNDEX, @) = N4
TA{JNDEX,y, 5) = NS
[IA(JINDEX, 6} = N6
FA(JINDEX, T7) = N7
TA(JNDEX, 8) = NB

400 IF (IBUG .GE. 15) WRITE (6, 30) N1,

®JINDEX

IF (NUM .EQ. O) GO TO 1005

SHELL ELEMENTS

IND = NXYZLI1
DO 1000 L =
INB = IND
IF (L +GT.

1+ NUM4

1} IND = IND + NSL(L-1)
BASE

DO 510 J
DO 510 1
I0 - IND
I& = D - IND + INB

IF (L .GT., 1) GO TO 504

1A (IDy 2)= 1 * (J-1) * NX

IA (1D, 1)= A (1D, 2) ¢+ 1

IA {IDy 4)= 1A (IDy 1) & NX
IA (ID, 3)= IA (ID, 4) - 1

IA (IDy 61= NXYZ + 1 + (I-1)
IA (IDy 5)= IA (IDs 6) & NUML
1A (IDy 8)= IA (IDy 5) ¢ NX * NUM4
IA (IDy 7i= IA (ID, 8} - NUM4
GO T0O 510

DO 506 M = 1, 4

IA (IDy, M) = [A (1B, Me&)

506 TIA (IDy Me4) = [A (IDy, M) + 1}
510 IF (IBUG .GE. 15) MWRITE (6, 10)

1, NYL1
1o NXL1
I + (J-1) & NXLI]

+ H 0

* NUM4

504

Iy
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N2, N3, N&%, N5, Nb&6, N7,

t (J=1) & NX *= NUM4
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554

556
560

*{ iA ([D' H)' M = l' 8’

LAYERS

DO 590 K = 1, NZIL1

IF {K «GE« NUM3 .AND. L +GT. NUM1} GO TD 600
N5 = NUM4

IF (K +GT. NUM3) N5 = NUM1

N4 = NUM4

IF (K «GE. NUM3) N& = NUM1

FRONT SIOE

DO 560 1 = 1, NXL1

ID=TND#NXL1#NYL1+1

ID = ID + (K=1)*2%{NXL1+NYL1)

iB = ID - IND + INB

IF (L «GT. 1) GO YO 554

IA (IDy 3) = 1 ¢+ (K-1}) ® NXY

IA (1D, 4) = IA (IDy, 3) + 1

IA (IDy 1) = TIA (IDy 4) + NXY

Ia (ID, 2) = JA (IDy 1) - 1

N7 = NXYZ 4+ 1 + {(I~1)*N5

IF (K .GTa 1) N7 = N7 & NXY®NUM&G ¢ (K~2)*2&«(NXL1eNYL1)*NUM4
IF (X .GT. NUM3 _AND. NUM3 .GT. O) N7 = NXYSNUM&+({NUM3~1)*LAYER

*  SNUM& + (K-NUM3-1)%LAYER®NUML ¢ NXYZ + 1 + (I-1)®N5

iIA (10s 7) = N7

LINC = 2%{NXL1+NYLL)®NUM4 - (I-1)%(NS5-N&)

IF (K JEQ. 1) LINC = NXY%®NUM4

IF (X +GT. NUM3 .AND. NUM3 .GT. O) LINC = 2%{NXLI#NYLL) * NUM]1
NINCL = NUM4

IF (K .GT. NUM3) NINCL = NUM1

NINCU = NUM&

IF (K .GE. NUM3) NINCU = NUM]

IA (1D, 8) = IA (IDy 7) + NINCL

IA (IDy 6) = IA (IDs T7) + LINC

IA (IDe 5) = 1A (IDy 6) + NINCU

GO TO 560

DO 556 M = 1, &

IA (IDy M) = TIA (IB, M+4)

IA (1D, M+4) = JA (1D, M) + ]

IF (IBUG .GE. 15) WRITE (6, 10) Iy Jo Ly IDy, INB, IO, IB,

*{IA (IDy M)y M = 1, 8)y Ly NINCLy LINCy» NINCU

FRONT END

DO 610 4 = 1, NYL1
TI0=IND+NXL1ENYL1+NXL1+J

ID = [ID + (K~1)*2&(NXL1+NYL1)
1B = ID - IND + INB

IF (L .GT. 1) GO TO 604

TA (IDy 3) = J ® NX + (K~1) * NXY
YA (ID,y 4) = TIA (IDy 3) + NX
IA (IDy, 1) = IA (IDy 4) + NXY
iA (10, 2) = IA (IDy 1) - NX
NINCL = 2%N5
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IF (K JEQ. I .OR. J EQ. NYLL} NINCL = NX®NS
NINCU = 2%N¢
IF (K +EQ. NZLL1 +OR. J EG. NYLL) NINCU = NX%®N4&

IA (IDy 7) = IA(ID-1,8)

1A (ID, B) = IA (IDy, 7) + NINCL
[A (IDy 6) = IA (ID=145)

IA (ID, 5) = IA (ID, 6) + NINCU
GO TO 610

604 DO 606 M = 1, 4
IA (IDy, M) = A (1B, M+4)
606 IA (1D, M+4) = [A (IDy, M) + |
610 IF (IBUG .GE. 15) WRITE (6 10} I+ Js Ly INDs INBs IDy 18,
*{IA (IDy M), M = 1,y B)y Ly NINCL, LINC, NINCU

BACK SIDE

00 660 I = 1, NXL]
ID=IND#NXL I *NYLL+NXL1#+NYLL1+]
ID = ID + (K-1)#%2%{NXL1¢NYLL)
IB = ID - IND + INB

IF (L .GT. 1) GO TO 654

IA (1D, &) = NXY * K - |

IA (1D, 3) = 1A (1D, 4} + 1
IA (IDy 2) = TA (IDy 3) + NXY
IA (IDy 1) = 1A {IDy 2) - 1

NINCL = NUM4
IF (K .GT. NUM3) NINCL = NuUMl
NINCU = NUM4
IF (K .GE. NUM3) NINCU = NUM]
TACID,7) = TA(ID-1,8)
IA (IDy 8} = IA (ID, 7) - NINCL
IA (IDy 6) = IA (10-1,5)
IA (ID, 5) = TIA (ID, 6) ~ NINCU
G0 TD 660
656 DO 656 M = 1, 4
IA (ID, M) = JA (IB, Mt4)
656 1A (ID, M+4) = [A (IDy M) ¢+ 1
660 IF (IBUG .GE. 15) WRITE (6, 10) iy Js Ls INDy INB, ID, IB,
(1A (IDv H)p M = lp 8’. Loe NINCL; LINC' NlNCU

BACK END

00 710 J = 1 NYLIL
ID=IND#NXLLI®NYLLeNXLI#NYLLI+NXLL1+J
ID = 10 + (K~-1)#2%(NXLL1+NYLL)

IB = ID -~ IND + INB

IF (L «GV. 1) GO TO 704

IA (1D, 3) = KENXY - JENX ¢+ 1
IA ‘le 4) = IA (‘Dy 3) - NX
IA (IDy 2) = 1A (1D, 3) + NXY
IA (IO, 1) = IA (1D, 2) - NX

NINCL = 2%N5

IF (K .EQ. 1 .0OR. J +EQ. NYL1) NINCL = NX#®NS
NINCU = 2#N4

IF (K LEQ. NZL1 .0OR. J +EQ. NYLL1} NINCU = NX*N&
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ia (IDy 7) = IA(ID~1,8)

1A (1Dy 8) = TA (IDy T) -~ NINCL
IA (IDs 6) = IA (ID-1,5)

IA (IDy 5) = IA (IDy 6) -~ NINCU
GO TO 710

704 DO 706 M = 1, 4
A (1D, M) = 1A (1B, M+s)
706 LA (1D, M+4)} = [A (IDy M) ¢+ 1
710 IF (IBUG .GE. 15) WRITE (6, 10) I, J, L, IND, INB, 1D, IB,
*(IA (IDy M)y M = 1, 8)y Ly NINCL, LINC, NINCU
590 CONTINUE

yop

DO 760 J = 1, NYLL

DO 760 I = 1, NXL1

ID = IND + NXL1I®NYL1 + NZL1%2&(NXL1#NYL1) + I + (J-1)&NXL1
IB = ID - IND + INB

iF (L .GT. 1) GO TO 754

TA (IDy 1) = NXYZ - NXY + [ + lJ ~ 1) ® nNX

iA (ID, 2) = 1A (IDy 1) ¢+ 1

1A (IDy, 3) = 1A (1D, 2) ¢ NX

IA (ID, 4) = IA (IDy 3) - 1

IA (IDy 5) = NXYZ4NXYENUM4G+(NUM3=1)%2*%(NXLL#NYL1)*NUMA+

*(NZL1-NUM3)%2=%
*INXLLI+NYLL)IENUML+14(I-1)*NUMI+(J=-1)*NXENUM]

IA (IDy 6) = IA (IDs 5) + NUML

IA (IDy 7) = IA (1D, 6) ¢ NX * NUMI
IA (ID, 8) = IA (IDy 7) - NUM]L

GO TO 760

754 DO 756 M = 1, 4
IA (ID, M) = [TA (1B, M+4)
756 1A (1D, M+4) = 1A (ID, M) + 1
760 IF (IBUG .GE. 15) WRITE (6, 10) Iy Js Le INDy INBy ID, IB,
*({IA ([D' H)' M= 19 8)
600 CONTINUE
1000 CONT INUE
1005 CONTINUE

PREPARE NODAL POINTY COORDINATE AND CONNECTION ARRAY CARDS
NOTE THAT NBC=A(8) MUST HAVE BEEN SPECIFIED

IF (IPR .GT. O) WRITE (6, 92)
NT7=1

NB=1

N6=3

N5=2

NUM4=NUM4+1

XL1=980.0

IF{IPR .GT. O) WRITE(Ty10)NP,NTNBsN6,N5
WRITE(6,5,10) NP,NT,NByN6yNS

NBCC =1

READ (5, 60) ZZ, N4, Nl, N2, N3
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1004

1003

1001

95

1010

96

1020

1002

423
442
450
10
11
20
30
40
50
60
70
82
84

{IBUG .GE. 45) WRITE (6, 60) Z1Z
1001 1 = 1, NP

{NBC .EQ. 0) GO TO 1003

(NBCC .GT. NBC) GO TO 10G3

IF (N& .GE. 1) GO TO 1004

IF I(NBCC .GE. NBC) GO TD 1003

READ (5, 60) 2ZZ, N4, N1, N2,
IF {IBUG .GE. 45) WRITE (6,
NBCC = NBCC + 1

CONT INUE

IF {(N& .GT.
WRITE (6, 82)
IF (IPR .GT.
GO TO 1001
WRITE (6, B4)
IF (IPR .GT.
CONT INUE

NY=5
IFLIPR.GT.0) WRITE(7,10)N4,NL,NUMS
WRITE{6,10IN4sNL,NUMSG

DO 1010 I=1,NUM%
READ(5495)J,CX,CY,CZ
FORMAT(IS,E10,3,2F10.3)
IFCIPR.GT.0) WRITE(T+95)14CX,CY,C2
WRITE(6495)1,CX+CYsC2
IF(IPR.GT.OIMRITE(T,+96)XL1
WRITE(6,96)XL1

FORMAT(8F10.2)

00 1020 I=1,4

WRITE(6,96)
IF(IPR.GT.OIWRITE(7,96)

X7 = 1.00
IFLIPR.GT.OIWRITE(T o F0IXT o XT 9 XTo X7
WRITE(6,96)XT o XTyXTo X7
DO 1002 1 = 14 NL

NI(L) = 1

IFUIPR GT. 0O) WRITE (7,
WRITE (6, 85) 1, (IALI,

IF
Do
IF
IF

N3
60) 21

1) GO 70 1003
N4, N1, N2,
0) WRITE (7,

N3, (W(I,
82) N4&,

l' (H([' ")O
0) WRITE (7,

M i,
B4) 1.

8%5) I,
Mg M = 1,
GO TO 450
HMPRITE (6,
ZONT INUE
RETURN
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

50)

(16G5.0)

{7710, 14F5.2)
(//7T10,6G15.6/)
(7775, 20G5.2/)
(T30, 15, 3F12.3)
FORMAT (! ERROR **% DQ .LT.
FORMAT (20A4, T1l, 215, 14G5.0)
FORMAT (/' SHELL PARAMETERS®, T30,
FORMAT (T1l, 415, T25, '"1°%%, T30,
FORMAT (T1, I5, T25, '1*, T30,

if‘,
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M},

Nl, N2,

3}
inii,

M= l'

3)

~30 (H(l’ “i' M = 1'

M), M= lb 3)

{(IA(TIy M), M = 1, 8B}y NT(I])

B}y NTU(I)

0.0

2044)
v1v, T35,

T1s,

'

"ivy, 3F10.5)
14, 3P1d.5)

3).




85 FORMAT (T1, 915, TS0, '2% 15, T80, '0°)
90 FORMAT (7/717°* REREREREEREXEEREEE NP o«GTe 999 sk REEEEREES

sxdxex? 799, INP = *,15///)
92 FORMAT (°'1°*)
END
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